US009167376B2

a2 United States Patent 10) Patent No.: US 9,167,376 B2
Holman et al. @45) Date of Patent: *QOct. 20, 2015
(54) SYSTEMS AND METHODS FOR SELECTING HO04W 8/00 (2009.01)
FOR USAGE ONE OR MORE FUNCTIONAL HO4W 84/18 (2009.01)
DEVICES DETECTED WITHIN A (52) US.CL
NPV AL CPC ... HO4W 4/008 (2013.01); HO4W 8/005
(2013.01); HO4W 84/18 (2013.01)
(71) Applicant: Elwha LLC, Bellevue, WA (US) (58) Field of Classification Search
CPC ........ HO4B 1/385; HO04B 7/26; HO4W 4/008;
(72) Inventors: Pablos Holman, Seattle, WA (US); HO4W 8/005
Roderick A. Hyde, Redmond, WA (US); USPC .ooovevr. 455/41.1,41.2, 63.4, 66.1, 550.1,
Royce A. Levien, Lexington, MA (US); 455/556.1, 557, 134, 135,334, 522
Richard T. Lord, Tacoma, WA (US); See application file for complete search history.
Robert W. Lord, Seattle, WA (US);
Mark A. Malamud, Seattle, WA (US); (56) References Cited
Clarence T. Tegreene, Mercer Island,
WA (US) U.S. PATENT DOCUMENTS
(73) Assignee: Elwha LLC, Bellevue, WA (US) 6,711,414 Bl 3/2004 Lightman et al.
6,771,224 B2 8/2004 Apostolos
(*) Notice: Subject to any disclaimer, the term of this 6,995,723 Bl 212006 Adams
patent is extended or adjusted under 35 (Continued)
US.C. 154(b) by 46 days. OTHER PUBLICATIONS
This patent is subject to a terminal dis-
claimer. Brown, Michael, “Meet 60GHz Wi-Fi, the insanely fast future of
wireless networking,” PC World, Mar. 6, 2013, 4 pages, http://www.
(21) Appl. No.: 14/059,036 peworld.com/article/203004 1/meet-60ghz-wi-fi-the-insanely-fast-
future-of-wireless-networking. html.
(22) Filed: Oct. 21, 2013 (Continued)
(65) Prior Publication Data
Primary Examiner — Tuan Pham
US 2015/0031297 Al Jan. 29, 2015
Related U.S. Application Data 7 ABSTRACT
(63) Continuation of application No. 14/057,082, filed on Comp}ltatlonally 1mp1ementeq methods gnd systems 1nc.1u(.1e
Oct. 18, 2013, which is a continuation-in-part of d;:tectlng presence ofa plurafhty of fur:)cltlonal deV.lceden.hu?
application No. 13/950,926, filed on Jul. 25,2013,and zcoinm}mlci?non Iflangle 0 1'a Wi?aﬁrla e COIIH(I;“t?ng evice;
a continuation-in-part of application No. 13/962,373, and selecting, from the plurality of functional devices, one or
more functional devices for providing to the wearable com-
(Continued) puting device one or more functionalities. In addition to the
foregoing, other aspects are described in the claims, draw-
£oing P
(51) Int.CL ings, and text.
HO04B 7/00 (2006.01)
HO4W 4/00 (2009.01) 41 Claims, 30 Drawing Sheets
A @Commumﬁ“"”‘*‘”’nge T P
“) S ' 50b Communication Ranée“

90a
Communication,” ™~
Link! 7

gﬂgun_dion% e T
evice +~ B0a Communication Range

2+, Communigation
AN Link ",

N S
[ R 10 i 200 Functonal ) ™,
; T=Bpoy, evice L
\\Eis,g,jal[sl ] e !
—— / o \
i Low-power signaifs} ___ __.f Wearable
k 4_1,01;0’})” | Computing
’ 5, Device
; - ", o T0atow:
" &7 “power
/‘- | signal[s)
52¢ n, EnveToni .
Enveloping é‘g’ﬁn‘);glg N
Boundary e
Eanelo ing e
ouncary
(@unctional ;
\ Device

100



US 9,167,376 B2
Page 2

Related U.S. Application Data

filed on Aug. 8, 2013, which is a continuation of ap-
plication No. 13/961,187, filed on Aug. 7, 2013, appli-
cation No. 14/057,082, which is a continuation-in-part
of application No. 14/017,693, filed on Sep. 4, 2013,
which is a continuation of application No. 14/014,882,
filed on Aug. 30, 2013, application No. 14/057,082,
which is a continuation-in-part of application No.
14/044,576, filed on Oct. 2, 2013, which is a continu-
ation of application No. 14/043,395, filed on Oct. 1,

2013.
(56) References Cited
U.S. PATENT DOCUMENTS

7,500,747 B2 3/2009 Howell et al.
7,715,873 B1* 5/2010 Biereetal. ....cccoevon..en. 455/557
7,929914 B2 4/2011 Tegreene
8,184,983 Bl 5/2012 Ho etal.
8,340,658 B2  12/2012 Tsui et al.
8,430,310 Bl 4/2013 Ho et al.
8,442,542 B2 5/2013 Brisebois et al.
8,489,546 B2 7/2013 Rappaport
8,493,353 B2 7/2013 Blanchflower et al.
8,493,849 B2 7/2013 Fuste Vilella et al.

2002/0142734 Al
2009/0069045 Al
2012/0194399 Al

10/2002 Wickstead
3/2009 Cheng
8/2012 Bily et al.

2012/0195464 Al 82012 Ahn
2012/0250615 Al 10/2012 Gupta et al.
2013/0044130 Al* 2/2013 Geisner etal. ................ 345/633

2013/0080616 Al
2013/0165138 Al

3/2013 Tsui et al.
6/2013 Bahl et al.

2014/0241540 Al*
2015/0031286 Al*
2015/0031290 Al*
2015/0031291 Al*

8/2014 Hodgesetal. ................ 381/74
1/2015 Holman et al. .. .. 455/39
1/2015 Holman et al. .. .. 455/41.2
1/2015 Holman et al. .............. 455/41.2

2015/0031292 Al* 1/2015 Holman et al. 455/41.2
2015/0031293 Al* 1/2015 Holmanetal. .. .. 455/41.2
2015/0031294 Al* 1/2015 Holmanetal. .. .. 455/41.2
2015/0031295 Al* 1/2015 Holmanetal. .. .. 455/41.2
2015/0031296 Al* 1/2015 Holmanetal. ........ 455/41.2

2015/0031297 Al
2015/0031298 Al
2015/0031299 Al
2015/0031300 Al
2015/0031301 Al

OTHER PUBLICATIONS

1/2015 Holman et al.
1/2015 Holman et al.
1/2015 Holman et al.
1/2015 Holman et al.
1/2015 Holman et al.

Experton Group, “Bluetooth to Decide on 60GHZ Standard this
Month,” Experton Group, Apr. 19, 2010, 1 page, http://www.
experton-group.com/nc/home/itnews/itnewsarticle/article/
bluetooth-to-decide-on-60ghz-standard-this-month html.
mmWAVES, “60GHz Wireless Technology Overview,” 2013, 4
pages, http://www.mmwaves.com/products.cfm/product/20-194-0.
htm, accessed Jul. 25, 2013.

Stevens et al., “White Paper: The Benefits of 60 GHz Unlicensed
Wireless Communications,” Dec. 2011, 10 pages, Subl0 Systems
Limited, http://www.subl0systems.com/wp-content/uploads/2011/
03/White-Paper-Benefits-of-60GHz.pdf.

University of California, Berkely, “60 GHz Short-Range Wireless
Communication,” Connectivity Lab, Feb. 2008, 1 page, http://con-
nectivitylab.eecs.berkeley.edu/brochures/60ghz.pdf.

PCT International Search Report; International App. No.:. PCT/
US2014/048167; Nov. 4, 2014, pp. 1-3.

* cited by examiner



US 9,167,376 B2

Sheet 1 of 30

Oct. 20, 2015

U.S. Patent

.......................... vl ‘9Id
....................................................................... \|I| 00}t
N
301A8(] AN §
jeuonound 207 AN
AN Arepunog
N s, Buidojeauz
// Nm
AN \
N
\ "
) E_mcw_m _
- 18Mo

Bunndwo)n
olqeIeop

OF
K H
N :
N
M ey N T o
uonesIiunuiuo)

106 aoine( aoIneQg

\\ . feuogound 962 wﬁmmm\_ﬂmmw feuonound 80z
................ UORBOIUNWIWIOY .~ ™
............................................... B0G— A
aBuByY UOHBOIINWIWOD TG — e T



US 9,167,376 B2

Sheet 2 of 30

Oct. 20, 2015

U.S. Patent

921A8(]
feuoyound 362

Buidojeauz 37¢

Aiepunog
T buidojeauz
ST azg /
............................................................................................... Alepuno
S T e . Asepunog , Bul o_o>cmm_

U]
CO;MQCDEEOO \
qo6 ,
} \ \.f‘.v

Jamod
-MO7 B/

[slieubis & u\

201Na(]
Bunndwo)
ajgelesp
01

E_mcm_m Jomod-mo1 g0l

aoinag
jeuonoun4 qoe

e 82In8(
L e jeuonound gz
“ T ; v_r:l_
“ co;mo_c:EEoo
abuey uonesuNwwo? 4og K N\ €06
.............................. abuey uonesiunwwo 356 e '



US 9,167,376 B2

Sheet 3 of 30

Oct. 20, 2015

U.S. Patent

UONEDIUNWIWOT Y-, v

LF
[«

.......................... Ol 'Ol
...................................................................... am o0t

e — - mw:/mcm_w \A

co:mEécoo ’
aoneg g8 e
jeuonound 3¢ Yo h s
J,Mﬁc Bis J
Jeny \ slieubig Aepuno
»* Jamod-. : d
S MO w_lw \ m_c__%\,rmmi Buidojeauz
/ / -M07 28 pes

~[s]jeudig \ \
udwoid R
Jamod_ I ’

Big MOTc8

90Ine(
Bunndwon

LT T a|qeleap
.......... AT m%wa_m:m_m
...... uiidwol
7 ﬂ_m:@m ” Mm\ﬁmcm_w Lw\som d
[s]ieubia V=igle) Elaty) -MOT 28
uonewIyuoy  AAMOd  [g] _mc@w \ lamod i
g8 | MO Y8 Buindwoid \ "MOT P8, ]
. I Lgoa \ v
;M0 28 ~ A
/ [8ljeubig 8dineQ
ao1naQ [slieuBis UONELUUKUOD e02
_ ! ey - euonound €
[euonound qog 8 g8 S co_wmoﬁgsoo
;/\\\ - abuey uonedIUNWWOY BOS .\./.‘u./_/
‘\. ./’



US 9,167,376 B2

Sheet 4 of 30

Oct. 20, 2015

U.S. Patent

801N
leuonound 302

/ ejeqg Atepuno
PUROGNO . Buidopauz

. PCS

eleq

punoqu \

oL

aniAB(Qg
Bupndwon
sjgeieapp

Ob

eleg PUNOQUy
punogino / VL]
vv% Bleg noq) m/
punoqu| PURSING

e9
o U \ 4.8 w/v aoInaQ ;
UGHEOIUNLUWIOD 2018 BUONOUN 1 BRS
<05 3 Jeuoroun 407 S P - S
o | abuey uoyesiuNWWwon Pog ) / N /\
......... ~ ‘



U.S. Patent Oct. 20, 2015 Sheet 5 of 30 US 9,167,376 B2

206 208b Left
Electronics Temple Piece
Housing 208a Right
Temple Piece

: 209 Rim
207 Clip (

204
Camer

7

12 Computing
202 Glasses
through
Display FIG. 2A

12 wristband

210 Display

14 Computin
Watch 9

FIG. 2B



U.S. Patent Oct. 20, 2015 Sheet 6 of 30 US 9,167,376 B2

53

PM
Tue June 6
FIG.ZA

1224

302a

304




US 9,167,376 B2

Sheet 7 of 30

Oct. 20, 2015

U.S. Patent

oE0ld
200€ IND

d4eol4
go0€ IND

g aunp any
Nd
€G.ve-cl

g aunf anj
Nd
A D LAY

*

omom\

pwom\




U.S. Patent Oct. 20, 2015

Sheet 8 of 30 US 9,167,376 B2

10’ Wearable Computing Device

102" Functional Device Presence
Sensing Module

106’ Functionality Use
Facilitating Module

104" Functional Device Choosing
Moaodule

User Interface

116 Processor[s]

130

118 Transceiver

Sensor{s}

FIG. 4A



U.S. Patent Oct. 20, 2015 Sheet 9 of 30 US 9,167,376 B2

10" Wearable Computing Device

116 Processor[s]

[

1 102" Functional Device !

;P sence Sensing Module : 114 Memory

Pl ] | e e e e e e e e e e e e e

B il 1152 Computer Readable |
o 1 Instructions 1
1 104" Functional Device | — T TTmmTeeT

! Choosing Module 1 T N
T T —— ¥ 1154 Application[s] :

|

1 106" FunctlonahtyUse et
;F cilitating Module !

112 User Interface

120 Sensor{s}

130

118 Transceiver

FIG. 4B



U.S. Patent Oct. 20, 2015 Sheet 10 of 30 US 9,167,376 B2

u* Functional Device Presence Sensing Modute

e P




U.S. Patent Oct. 20, 2015 Sheet 11 of 30 US 9,167,376 B2

104* Functional Device Choosing Module
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106" Functionality Use Facilitating Module
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602 Detecting presence of a plurality of functional devices within communication range
of a wearable computing device, the communication range being a spatial volume that
includes the wearable computing device and being externally defined by an enveloping
boundary, where low-power signals transmitted by the wearable computing device being
discernible over background noise within the enveloping boundary and not discernible
over background noise outside the enveloping boundary
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604 Selecting, from the plurality of functional devices, one or more functional devices for
providing to the wearable computing device one or more functionalities

|
(=0

FI1G. 6




US 9,167,376 B2

Sheet 14 of 30

Oct. 20, 2015

U.S. Patent

speudis Sundword pmod
BOWQEE IO SUO Y} PIIVIAP SAOTAD mmaoﬁomﬁ Jo Anjeanyd a1y e se3pojmousor jer) sjeudis sasuodsar yo Aureanyd
v Su10q s{eusdis jo Ajrinid oyy sjeusis Jo Lujeingd oy 103 Jojtuotu 01 201a40p Sunnduwiod sjqeieam oyl Sudaaci qE0L

||||||||||||||||||||||||||||||||||||||||||||||||||||| {2 Sttt |
i Jomod yuisuen 1omod jsuen) |

UOTBIPRI J1]2USRUION0]] 0] Josnt oy) Sursodxa | §1 Jo JIRMI[[IU ¢* ULy | JO mEmIpn
BUUDIUR ¢ szrwyur 0) pue sreusdts Jundword Jamod-mof $so] Guisn Sjpudis 1y ¢ up{) $$o] Suisn |
[euoTeIpIULHO | | | SIOW 103U 3y) JSEIPLOIG 0) 201A9D FuNNduiod ¢ Sundwoid 1omod 1 sjeusis Sundwoid |

ue ySnomy sjeusis ! JjgeIBOM. O4) TULIROA IOST B WG] ABME | -MO] 9J0W J0 300 ' | ramod-mo[ d1ow 10 !
Fundwoid 1amod ! euud)uL :Eoﬁouhwﬁz Sunjuiod Aq Fuudjue | oY} Jseoproiq ol w ! 5u0 2y} 158OpROIQ O}
-M0[ 210U 10 U0 | [euonodnp e ydnoay sjeusrs Supduord ! 00140p Funnduwion | sora0p Sunnduiod |
5[] JSEOPEOIG 0) IITAIP M Tomod-m0] 210U JO SUO Y[} ISLOPLOIG 0] W S[qeieam oyl ’ sjquieam |
Funndwod s[qeieam ( | 1 901AIP Fuyndwios djqebam oY) SUNDA( L0/ ! Suyoanp Aq S|eusts;;  oyg Fundoup &
oyr Suyoomp Ag sppudly | T T T T T T T T T o T T o e e e e Sundword Jomod 1| seusis Sundinos
Sundwoid 1omod | BULD)UE [RUONDALp & ydnoy) sjeusts Sundwoid ~MOD] 2I0WI 10 JUO ¢ | 19M0d-A0] 210U 10 |
- >>.O~ 210U 10 QU0 ! .ﬂo‘gogiﬁom 210Ut 10 2U0 21} Wmﬁoﬁﬁo.ﬁn— 0] 201A3D ] 3seapeolq 0111 auo 2y} 1S8OPROIQ 0) |
2Y)_ISEIPROIG 0] DIAP | Funndwoa ajqeiram oyl Sundonp Aq sjeuBis ity oo1a0p Fuinduioo b 201A9p Sunnduwioo |
Funndwod sjqeieom | ¥ Sundwiord mod-mof a1ow 10 Suo 33 1sLIPROIg | ojqereom M sqeIgom

ou) BunoRIIC] ROL | | _©1 201A3p Bunnchwod diqeieam 9 BUNdSN( 90L |1 O Bundad SOZ || oy Bunoang poL |

steudts Sundwoid omod-moT 2J0T 0 SUO o] JO SAIAD
[EUOLOUN QIOW JO 2UO 1) AQ UOI}D3Jap 93PMOoUdE 0] SJRUSIS 2AISHOdSaT 210U 10 3UO0 2)BIMAT 0] $901A3p Teuonduny
aiow Jo suo 2y Jdwoid ‘sjeudis Sundmord 1amod-mo0] 210t 10 SUD 9] 19019P SIDIAGP [RUOIOURF JIOUL 10 SUO UM

‘01 paugisep 21k Jeyy speusdts Sundwoid emod-mo] IO IO JUO JSBIPLOIG 01 2I1AP Sunndwod ajqeream ays SundaIig BT0L

14 ]

Arepunoq Surdo]aAus oY) apisINo ASI0U PUROIZYDBQ JSAO S[GIUISISIP 10U pue Arepunoq Suidojaaus ay) Ui asiou punoIdyoeq
I0AD OJqIUIDOSIP FU1Rq 201A0p Junnduwios dgeieom oy} Aq payrwsuel) s[eUSIS 10Mod-mo} 210ym ‘Alepunog Suidojoaus

ue Aq paugap Afjeuiaxd Suiaq pue 951Aap Sunndwiod ajqeream a1} SaPNJOUT 18y} JWN[0A mmﬁu% € Su1dq 23Uk YOIEITUNWILIOD
o) ‘@9143p Sunndwod ajqeIeam € Jo d3URT TONRIIUNIIWO) UM SadTASD fruonauny jo Aujemid e Jo souasard Sunoaja 70




US 9,167,376 B2

Sheet 15 of 30

Oct. 20, 2015

U.S. Patent

||||||||||||||||||||||||||||||||||||||||||||||||||||| S[eusis sundiuoid 1Mo
-Bomu.SE 10 2UOo a1 \%Booao SADIASD [euonuny Jo Arjeanyd oy ey soFpajmouyae Jey) sjeusis sarsuodsar yo Anjeanid
2 Futaq speudis jo Anpeangd oy “Speusis jo Anpeinyd i) 10] 103100t 03 201A9p Sunnduios ajqeIam o) Sundaid 5oL

57
Jamod ywisueq Jo
[9AS] PUOORS Y} JO Jamod JIUSURI) JO [9AJ] ISTL} A7) WOL
1 %wc Fuiaq 1emod nwisuen %c m>mwm 1) %. 190
IS HET: NG ndwodd 1omod

|
Jamod Jrusues) Jo 19A97 11 ot) Sursn SumIusue) sem e
u w_m wﬂ_:m*mhow& LBO%J& E bt

%o %>2 %ﬁ& 2 JuIsh 318 ] |

-Bow 10U IO SUO 9T ISEOpE E_ 0} 921A3p Suyndwod |

h {

i

i

f

f

|
S[EUST . 1 230Ul JO 2UQ 2Y) JO $301A
% o:om:@ 3I0UI 10 2UO 2} AQ UOTIIIJop 95papmomor’ey)
\ﬁwq 1S DAISUOASO1 210 10 dUO JN) IO JOI W 1 mu 1op10 m
I0/0d ISR JO [9A9] PUODSS dY) JUIsn s[eusIS Sunduwol
19m0d-AR0] 2I0UT JO QUO O} SUlISed moaw Eowwmw ue
Jomod JusueI] Jo 12A9] 1811y 3tf] Suisn s{eudis sullduiogd
Jomod-moy alou] 10 U0 2y} 55@%&05%@ ¥ SJeusls
0

[qeieam 3 Hmmpouﬁ% YL A 1omod jrusues
wo T>o Puoo3s ay) sursn speusis undwod romod-mo]
aloul Jo 5110 a1y 35e3prO0lg Of o,o_%m@ sunnduwiod Jjgeseonm
%%mmﬁmﬁ usmw lord wo»%%ﬁww&qﬁ owmww.%mﬁ,w%m | sundord Jomog-mof dI0W 10 U0 oY) Jo_ounsEopeoiq

" 0]1°901A9p Sunnduiod sjgrieam SU) mcpooﬁm Iy astied 0) 951A9p Sunnduwiod d[qeleam S) SundNJ T{L

Iomod 1IuIsuRy) JO [9A9] PUOISS A1) Eo.m Eob%% Juraq 1amo0d Jrusuen |
10 wgﬂ %Hm oy ‘romod jrwisuen jo m.»oa_ waoQOm € guisn sjeudis Junduiord Temo -Kow TOW 10 240 9.% 1SBOPROIQ
0} 201A3D SWIAWDO J[qRIBIM {1 FUIIALP puk Jomod Jiusyen 1O 1949} 151y ® suisn sjeudis sundutold somod-mofp atou |

1O U0 91]) }sedpeoig 0] 201aap sulinduiod mw rIBIM A1) sUISAIIP AQ Jastod Hujsuel] JO S[Ad EE&% 3UISN BUUAUE |
ue ysnod]) sjeuss sundword remod-mol 210t 10 U0 2Y) 1SEOPLOIG 0) 201Ash Sunndiod ajgeiram .am Suhoan(] 01/ ,

i) JO STUSTIIOUIL JO JUIWIOUL @o%aovoa Joy romod
0

suRn mo SA3] UOB2 18 PINIWSURI) dIR mﬁbwz Sundwoxd .630%.32, 2J0UI JO U0 UMH QIUM “JOA
Euhumwﬁﬁ 3ursn euudie ue m_ noly sjeusis sunduioid Jamod-mo] 210U 10 U0 omw wmmuwm Hm 0] oogom
ay} 3uijoonp Aq speusis sundwold Tomod-mdy a1ow 10 auo 2y) 1SBIPROIG 0) 91AD Sunndiiod afged

juasueI) JO SJoAd
surnduiod w &mo\,ﬁm “

M Y wcruoﬁm 60L

speusts Sundwoid

Jomod-mOo[ 910W JO DUO OY1 JO SOOIADD [BUONDUN] JIOW IO JUO om“ Aq BONO2I0P ITPIMOWIE 03 S[EUSIS 0AISU0dsas dI0H 10 U0
01RIOUIT 03 SODIADP JRUOIOUNY 2IOT J0 oyo oy idwoid ‘sfeudss Sundwioid 10/40d-40] 2JOW 10 U0 J1} 10010P SIATP [RUONOUNY JJOT JO
QU0 woyM ‘03 pousisop d1e jeyp sjeudis Sundwosd romod-m0] 230U J0 OUO I5LIPLOI| 0) 201A0p Funndmood djqereom Ot JunodI(] BE)/
T SRR P ey S APy -

2.

Arepunoq SuidojoAua ay) opIsINo ISIOU PUNOIFNORG IDA0 JQILIISIP 10U pur AIepunog SWdo[eAUd dY) UIYHIA JSIOU PUNOIFYIeq
T2AD 2[qIUISDSIP BUTaq 201A2p Sunnduwod djqeream oyl AQ pajIuIsuel) SjeUSLS 1aMm0d-10] 213YM. ‘Afepuinoq duidojesus

ue Aq @oamo% Aljeuroxd Suioq pue 90149 Sunndwod jqeredm Ui SOPNJoul 18Y] JWnjoA wcum% £ Su1dq 93uBI YO BOIINWUWOY
o) “99149D Sunnduwiod ajqeIeam & Jo 3kl UOTROIUNWIIIO UM $901Ap jruonouny jo Ajijenid e jo 9ouasard Sunoajeq 7090

Qums)




DL DI

US 9,167,376 B2

Sheet 16 of 30

Oct. 20, 2015

sjeusts Sundwoid 19;m0d-mo] 210U IO SUO Sy} PA}IIAP SANASP JeuondUNy Jo Aprpernyd sy «9% SOTpaymouoR 1813 s[eudts aarsuodsal

3o supeanyd e Sureq speusis Jo Aupeangd o ‘speudis jo Ajeingd o) 107 Jonucw o) 001A2p Surndwiod Jqeiean ) Junoeng oL

ywsues Jo @5 puodds omH Suisn Sumnusuey seam Emw sjeugis Sundwoid 1o:0d-Mm0] 230U JO 9UO YL Mo SIOTAIP [BUOLIOUIY

" azowy JO 240 g, U099 QBPI MO DL ey dwmuwa AISUHQASaI 910t 10 2U0 0] JOPTOW 01 JAPI0 Ul Jomod jrtusten; Jo m@&
%h oy suisn steusis sunduioid 1omod-; O,MQS

30 3u0 A1} mqsmawmwoﬁ Eomuﬁw yae ramod jiwisuen jo m_o>o 'U0J2s oty Juis
[eugis supdword b?oa..\sﬂom 2I0UI 1O 2UO AU} _JUNSEIPLOIq Eﬁd.mﬁ 1s gundinoid omod-mof 21010 JO 2U0 2 % &o FUISEIPLO}
ssned 03 991A0p Fupnduiod u%ﬁmo\s oyj Su1idox %:m RMod pwsuen %o \mu\,owv,b oY} SUISh SUIIUSURY] St JeY] S[eudls |
Sundwold 15m0d-A10] 2I0W 10 2UO 24 JO SA5IAD m UOLoUN] SI0W 10 SUO Ag uONITIP om%o?»oqw% 1Rt mcwzma SAISHOdSAT |
" 210U 10 U0 JOJ IONUOWE 0} JOPI0 ur Jomod jusuery Jo JSAS] PUODDS AU} SUISH STEUSIS < unjdwold 13amod-mof 210U J0 duo ||
o1y} SunjsedpeoIq 2107 wvﬁa Iomod JISUEn Jo [oA3] 1sa1y ol Suisn Sjeudts Sunduiosd 1040d-m0f 9101 JO 2U0 T Bunseopeolq ||
1% steusts Supdword amod- o] JJ0W 10 JU0 Ot Jo Sunseoprolq dsned 03 951A9p sunndwiod jqereom oy undI(J €1/, 4

Jomod pwIsuRg JO [9A9] PUODQS Y3 30 Jmod yrtusuery |

wo 1989] ﬁﬂ% o&a WoIJ Em..&m%v duaq Jomod jwsuen; Jjo ~u>owﬁﬁbﬂ ot “1omod Jruisues; JO 1oAd] PHY3 B Suish sjeusis Sunduroid
I 07 d10U

BOQ-B Su:@uS @mwmc..ﬁ o:o;mmﬁﬁsﬁ,uow.aw\soa @Eouﬁﬂ Eaﬁ
suisn syeusts sundwodd 19mod-Mm07 2101 JO U0 1)) Jsedpe 01 201A3D Jupndtuos

mw M 1) SunooHp Jmod ytusgen “
JO [3A3] 1511 D1} UIsh s[eudIs undmoid 1Rmod-mof SIOUT 10 JUO S} (SBOPROI] 01 901A3D

31
suyndulod 2[qeIeoMm oy} SUIAN( C1L

%N AQ 12A0d JItusuEn m %u>2 %cooom Q.ﬁ
0

) Tamod st |
JO [OAS] PUOISS oY) TUOT] JUINIIP Swaq Jamod JWSuBy 1O [9A9] 1SHT Y1 ‘JoMod jiusues) J0 QaA9] puooss e Juisn mﬁéwa sunduog
JomQd-Mo] 210w 10 U0 O 15EIPLOIQ 03 90IASD Sunndmiod IgeIesM ot sundaxp pue Idmod JTususn JO [3AI] 1SIT € SUIsh S[RUSIS |
_sunduwoad SBOQ-SQFEOE H% 240 2T ﬁm%ﬁoﬁ i 201A2D Surmduwion ajquIrom uﬁ meoo.:m AQ Iamod jrusue; jo mw@\,ow.ﬁﬁo 1T
Suisn euudue ur ysnoly) sjeusts sundiwoid Jamod-mof 210t 10 2U0 Y} r 20PROIG 01 90TA3P SUNNALUOD J[qRIedM™2Y) SUnOIl(] O]
SWI) JO SIAMIOIOUT 10 JUIMIIUT mo 93] GowD T PAPIWISTRT] 318 mwmclma Bundwoid Jomod-so; aow
10 2U0 omu aryMm “Rmod jaIsues) Jo § u\»vrwcu m‘wﬁwﬁ SuIsn BUUSiUE UB'Y wonw S[RUSIS Sunduwioid 12M0d-MQ1 210TH IO SUD Y] 1SEIPROIG 03 1A
Sunnduios sjqereom oy 3unoalip Aq sjeusis Surdword pmod-Mo] IO 10 SUO 911 ISBDPROI] 03 9OTASD Sunndwiod djqereom oU} SuldINd 60/
sjeudis Sundwosd semod-mop 210w 10 SUO 2Y] JO SIVIASP {BUOBDULNY Q0L 10 QU0 OY3 Aq HONOP AFpojaouoe 0 speudls oarsuodsos
210W J0 SHO 21840003 01 $201A2p [BUOLIOURY 2J0W 10 o0 oy Jdwosd ‘sjeudis Sundwosd Jamod-Mm0} 10Ul 10 SUO 9Y] 100310 SR01ASD jRUOIOUN]
QIO JO QU0 UdYM. ‘0 PAUFISaP 23 Jeyy Steudis Sundword omod-mof 230t 50 24 15BIPROIQ 01 901Ap Sunnduwios ajqeieom o Sunoddg B0/

J
Azepunoq Buidopoaud omu IPISINO 2SIOU PUNOITORG JA0 S[QIUIISIP J0U puR
Axepunog 3u1d0jaato JU} WM ISTOU PUNOIZNORY IOAQ IQIUIdOSIP Sudq 20IA9D Sunndirod d]qesedm oyl Aq panrwusues) Sjeusdis_1dmod-mof
aoyga ‘Arepinoqg Swmdojoald ue Ad paurjep A7jeuiajxs Suiaq pue 23143 Sunhdizod djqeieam At SIPNJOUL JBY) dWinjoA jeneds ¢ Suroq oSuel
UOTIRITENIINIOD 9} “02[A0p Sunndwiod ajqeieam e Jo 28uvs BOHRITINIUIINOD UJIM $0140p [euonsung Jo Anjeanid e Jo 20uosaxd Sunoxeqg 769

U.S. Patent

Cumg)




US 9,167,376 B2

Sheet 17 of 30

Oct. 20, 2015

U.S. Patent

dl Olid

speudis Fundword Jamod-moj 010Ul 10 SUO YL POJOIAP SHAID JeuOLUNY JO Arjernd oy E—% soBpajsmouor 12y} SjeuSrs aarsuodsal
Jo Aeangd e Suroq speusis Jo Aipeangd gl ‘sjeusis jo Ajreand o) 1oJ Jojraolw 0} 901A9D Sunndwuod sfqeieam of) SUNI( G50,

Iomod ywsuer; jo B\&

w.: 1 91} uey Joaod jrusuen) Jomoj e Suaq Jomod jrusues) Jo
E\Em mﬂouum a1} pue 1os0d JuIsuel) 7O E%@ U0 w

wﬁ Tey) Jomod JIUISUEI) I0MO] ® uloq Jamad JTUsSusn JO (949
| m mﬁ a1y ‘Iamod Juisuen) JO ~o>or 1) oY) suisn mwmqwa aunduwod 1040d-M07 21QUI I0 U0 Y} JSED Em
1 Q01AQD wc&:&&oo.w BIBOM 1) SUNJUID mm “30/0d J1tUSUED JO _o\%m_ _w:ooom o) mmas sreudis sunduos

gmBom-\S%w 21010 10 QUQ mg Hmmo\m%.okw 0] 921A5p SunNAWOd djqelraM Yl SUNOUIP 19M0d .zs_mcﬁwwc ”wo.>£ 11
| oy Suisn sfeusts Sunduwold 10mod-A07 210U IO 9UO ) J5LPLoIq 0) 01A0P SUNNAUI00 djqeredm o) SUOONd $1L
11111111111111111 ml T .,ai coomTmmmmmm W&mﬁw@m&wm JOTOAJ sq&omwm ot w@m@%&%‘ wawmmaw _
0 [3A9] 1811} AU} w0y JusIainp Suraq Jomod jnysuen Jo [2Ad] payl 3y ‘wmod Juisuen j077oA9 1 & Suist sppusis sunduwor
Hwawa-%wwuwo% 10 omow o% w«@w mau% o ooSoW Sunn 5_0 3 wgm%s %w mz:uommm wuﬁws,w \mw hEY, mum suen mwo\ﬁx %aoQom @% _
Juisn speudis Sunndwiord 19mod-m0] 210t 10 900 31} 158oprOIq 0] 20V % stnndod vw JEdA 2U3 SUDRDAIP m Jpod ywsued |
JO [3A9] 18313 Sy Sursn steudrs sunduwioid Jamod-Mo[ 210U JO JHO I} SeOPLOIq 01 9JIA m Funnduwion sjqeseam oy Fudali(] 71/ |

19M0d JITusuRY
0 J3A8] PUODIS 313 WO JUIOIIID Suroq 1omod JISuRy IO 19A3] ISHT o1 ‘Tomod 1usuen 10 19A3] puod2as e Suisn sypudIs sunduigl
ﬁ%&o%.wwg 89.% 10 o:uw Y} um&u@ O nm: uo.>u©.M~ES%~m_o.\w omwwmwmo,w, %ﬁ%ﬁoob ye Hwﬁuw u&smcmb %o %\,um Hmpw B wd:m:. STRUSTS
sundurord 1omod-n07 21014 10 9Y0 21} 15BIPL0Iq 0f 9DTASP Funndiuod sjqereom H%wncou.:m Aq paod jrasuen 10 § m>uw§8w Y
Sursn ryUSITE U YyInony sjeuds sunduiord omed-mof 210 10 dU0 91 1580PROIG 0} 014D Sunndmwos 2{qeiesm ay} sunddng

‘ otti} JOSIUSUIvIdUr 19
JuawaIoul paurjapaid Joj 1omod jrusue) Jo [9A9 womu je pa Eﬁmsm.w oJe sjeusts Sundwoid mod-mof arows 10 uqo.uo« 1 owo . 1mod M
JITUSTLA} JO %%5 1) wm m, Suisn puugilie up M_w OJT]} S[eusls surdiord Ho,ﬁoa-aom Q10U 10 QUO Y} wmso%wo.ﬁm M mo.\»um sunndurog
ofquream oyl sugdAp m 91 Bca-acw 210U 10°3U0 Y] ISLOPEOI( 0] 21AdP Funnduiod dqeiEdm oYy SWOSI 60L ¢
‘ steudts Sundwoxd !
Jamod-M07] I0W 10 JUO 1} JO SIDIAIP [EUONOUNT IO IO U0 2y} Aq HONI33eP Fpoimouyoe 03 sjeudts sasuodsar azour 10 duo m
ajerouds 03 %25%%205@& 210w IO 34O omw ydwoid ‘sjeusds Sundwoad 19Mm0d-A0] 2I0W 10 2UO I} 199]9D SIDTAIP [LUCIIOUN] JIOW IO

ouo UM ‘03 paudsop aie jey sjeudis Sundwoid omod-mO0r 210U JO U0 1$BIPLOIG 03 201a0p Funndued sjqeream Su3 Funodi TEOL

eudis sundwod 1

Y y a1 T0L |
Arepunoq Surdo[2Ato 211 SPISINO ISTOU PUNOITYILY J2A0 IJGIHLIDISIP 10U pUr
Ampunog SutdofpAu? o) UM 3SI0U PUNOISNOB( IDA0 S[qIUISSIP ursq 901Asp Sunndwos sjqrardm ) Aq papnusuen sfrusis dmod-mog
amgm ‘Amepinoq Surdojaaud ue Aqg pourjop AJ[ruIalxg Suidg pur 501A9p Sunhdwios djgeream o4y sopnjoul jey) awimjoa eneds ¢ Suiaq afuelr
TOT}ROIUNUWIIOD 21 “001A0p Sunndwos a[qeIeom B J0 d8url HONEIIUNIUOD Ulthim $821A9p [ruonouny Jo Anjemnid & jo souasard Sunsdeq 709




US 9,167,376 B2

Sheet 18 of 30

Oct. 20, 2015

U.S. Patent

HL "DIA

speudis sarsuodsar Jo Arjen

1111 oy axmded homv.ﬂo U1 90143p Sunndwod ﬁmw BIROM O} SULIBIM IISN B Eo.w Aeme BUUUR %aoﬁu,ohm ayy gunuiod Ag
1)L SIetels SSUOMSD 0 AM(EINd 2 2nided 0 13p10 Ul SUoH2Ap QAN IE PSS PUO3LIP 24 BUUIOd 0CL
S[eusis

mimzo%ugoxﬂﬁsauﬂ8:&306.55898.:o@::Emmsz@%.mmo:ouﬁums::oahmﬁmuﬁm
! " " [BUOLIDAIIP oY) < Emﬁsﬁﬂﬁwwmm wzmnogmﬁ wo mﬁﬁﬁa o& Howﬂorﬁ&a ow ooﬁom wcf:m&g %@%ﬁv@&u‘oﬁ Sundend wﬂ

" euuojue wmsos%hm v guisn mmﬁawa aA1suodsar jo A m.Sma oY) JOJ JOJUOW 0] 921A9p Sunndurod or BIeOM QY1 SUnoal
P Aq eutioque oy) Suisn S[BUSIS aAIsuodsal jo :Ss? 31]) 10J JOYUOW 0} 201A2P Sunnduwros rqeream 1) sundanQg w..ﬂm
euuoiUe ue Juisn speusd]s aaisuodsal jo Anpeinid 2t} 10J JQUUOW 0] 901A9p Surmduloo sjqeleam
a3 Sunoamp Aq S[eudIs oAIsud mu.m Jo Aypeanyd oty &w Hozfocw o1} mwrywv mn Emwo QE%NQ,V o} mato%a 1L _

sjeugis sunduiord 19/m0d-Mof 210U 10 3UO A1) PII1IIDP $IJTAJD Jeuon>UNy Jo Ayemnyd oy uﬁ% SABPIMOWOR 1eL) S[RUSLS dAISTOUSD
30 Apéanid e Swoq speudis Jo Lipeangd oy “speudis jo Kpeinid 21 10§ Joyuow 03 921A2p Sunndwod djqriraM 24y Sunodsid 0.

| ZHD) $TR'S PUR ZHD 0K 1S U2an1aq purq Aouanbary
ZHD $9 | e woJj sarduanbay a10w Jo U0 J0 ZHL) E8E T pue
pue ZHO) LG 10aMm12G @Gmm Kouonbayy v woig sardusnbaiy ! ZHD 001 7 u0om19q ?Sm Aouanbag v wois souanboxy
s1ow Jo duo Juiaey speusts Jundwoid romod-mor asow _ arow 10 suo Suiaey sjeudis Sundwoid omod-mof azow

10 2UO 9y} 1SEIPLROIG 01 991A2p Funnduwos ajqeream oy | JO 2UuO 2Y) 1SeIpEoIq 0] 1Ap Junndwod ajqereom o
Sunoonp £q speuss Sundwoid 1omod-moy srow 10 suo oyy 1 Fuioanp £q speuds Sundwoad mod-mof a1ow 10 suo oYy

1SBOPBOIG 03 AIAIP Funnduwiod S[qedeass Ay} SundaI 977 _ 1seOpEoIq 01 201A2p Sunndwos spqeisem oy Sundaig ST/
I e e e
12/0d-M0} 210 10 U0 Y} JO SIDIAIP [BUOLIDUIY 210U O U0 omu Aq u0130319p a8pajmou}or 01 sjEudis aarsuodsal asout 10 Juo
O1RIdUAT 01 §901A3D %maoﬁuosa 210t 10 2uo 241 3dwoid *sjeusis Jundwoid pmod-Mmo] 210W 10 SUO 31 10913D SIIIASP [BUOIIOUNY 2I0W IO

QU0 UOYM ‘01 poudisop aie jvy) sjeudis Sunduwoid Jomod-mO7 210U IO JUO 1SEPB0IQ 01 201A9D Sunnduod ojqereom oyl Sunodig B
Y. ! 1} Sjeual ! 1 q I ! 1 3 sunooag

Arepunoq Surdojaaud om“ OPISINO 9$I0U PUNOIBNOR] JDAO SJGIUIIISIP JoU pue
K1epunog SuidojaAua oy) UM 510U PUROIZYORG FIA0 [QIIIdISIP wﬁow 251A2p Sunndwios sjqeiedm 213 £q popLUSURY S[EUBIS 19M0d-mo]

oy ‘Krepinoq Surdojoalid ue A poulap AJjpuioixe Fuiof pue 30149 Sunndwod djquivom dy3 SOPNJOUL 1B} SWinjoA [eneds 2 Buraq oSuel
UOIIETUDWIIOD O3 “00iA2p Sunndwoo ajqeream e Jo a8ues Toreoiunuiuion uitm sao1aap jeuonouny Jo Anjeinid e jo osussard Sunadie( 7o

Gumg>




US 9,167,376 B2

Sheet 19 of 30

Oct. 20, 2015

U.S. Patent

speusdts jo Aneinyd a1 jo sypduans

12udIs ST ap Aq 00142p Sunnduwod ownw.:wo\ﬁ oY AQ YU AJRITUNTLTUOD

0] 100d JUsSURI JO JINOuUIe jSed] sannbar sa1Ap [euonOUNg Jo Ajreingd

21 JO 2I0W JO U0 [OIYs ‘STeuSis Jo Aujend ay) U0 paseq ‘SuruituIO( $TL
$901A0p JeUONIUN] JO Ayjeinid oy 1sBuowe
201A0p Sunndmgos spqeream oY) Aq [IM BITUNWITO0D 01 I8M0d JIusuen Jo junowe
1589] Saxinbar sa01a0p feuonOUNy Jo ApEInyd o) JO IO JO JUO YOI M ‘sjeudis
30 Anjeangd oy uo paseq “Buiviuriglop upnjour 03149 Sunndwod djgeieom oﬁm

£q PAATIaD3T pue SO0IAQD [BUOTIOUL Jo bﬁ&:ﬁ oy Aq pINISUE sjeudis Jo Anpeing
uo ‘ired ur jseaj 18 “paseq 99140p unndwiod ajgeredm ) Jo 93uLI UOHRIUNIUTIOD

AD

bww::omkm:&oﬂo\éo 2T} UIII M ASTOU PUBOISHOBq FIA0 J[QIUIAISIP Fulag 20142 Sunn
drsygm ¢

3uans [eusis

Jo wnowe pautjopaid e uey 1918313

syIduons [Budis 9ABY 0} POUILIIOP

2I® JBY) PUE SIDIAIP [eUonOUn]

%o Anjeanyd o) Aq pojuUIsuel)

S[eudIs uodeaq Jo A) %82 ©309)9p

0} 901s0p Sunndwoo ajqeream

a1 Sunodnp Aq Howsp Sunndwed

ajqereanm oy Aq PaAIdOAI pue

SOO1AJP [ruOnOUNY JO ANjeinyd oy

Aq ponuwisuey) sjeudgis 4O Anjernyd

oty uo “pred Ul ISEI Je ‘paseq

201AP Sunndwos s[qrIzoMm )

JO 23ukI UONBIIUNIIOD ) UMM

Sa01AQD [eUONOUN] Jo ANjeanfd

o Jo 2oudsaxd o) Sunoaa(q 17
e

Arepunoq umdojoaus Qﬁ OpISINO mw.ﬂom .ﬁm:&wzog I2A0 EEEQ%Q j0u ﬁmm
T I ! dwod ajqeredm o Aq panrwsues s[eudis_dmod-mog
epunoq SudooAld ue A poulap AJ[RUIIXS SUId] pue 201A3p Sunndiod djqrieam Y1 SOPHIUI 1B} dWnjoA [eneds ¥ Sureq ofuel

UOIBOIUNTIIIIOD 91f3 “201A9D Sunnduioo ajqeivom © Jo o5urs LONEIIUNTIIUIOD TIPIM $I01A9p Jeuonouny Jo Aujemid € jo souasard Sunodidg 7o

Qo)




US 9,167,376 B2

Sheet 20 of 30

Oct. 20, 2015

U.S. Patent

ao1A9p Sunndwos |

d[qeIRaM QUL JO UONURDO] O} 0] DALR]OI $2ITAdD [euoiiouny Jo Aujranyd 1) JO SUOLIOAIP 1) SUTULINNP 0] IOPIO TI PUE |
STBUSIS JO b\m_ﬁsa 31} 10212p 0} JOPIO UI_SUOTIORIIP TSP J8 951A0p Supiduuos 2jqeleam oyj JO BUUIUE [BUONOIP |
a1y Suntrod Aq eUUOIUR [RUONINIIP mmu [SN0Iy) PA10AISP Puk $301A2p [RUOTOUNY JO AyiTein]d oyl Aq paprusuer) STRuds |
30 ALrpeangd ag) vo paseq 0drAdp Sunnduwod ajqeizam ot Jo 10118307 3} 0 SATIB[RI S2JTASD [RUONIUNY Jo Ayjeanyd !

2Y1'JO SUONOAIIP Y} UIULIDDP ‘0 1aPIO UL 20143 Funnduiod djqeieam oY) Jo 2UudIUL [RUOTIIAIIP oY) FUl[jonuo)) 77 f_

EEBEN _mmow%ﬁ% mﬁawze.ﬁ%goﬁo@@zmmoe\éﬁMmcouoc::obzﬁsauaTE @mEEmcnm

speusis jo Aynjeanyd ay) uo paseq a31Aap Sunhdwos s[qeieam ay) JO UOIIEIO] AU} 0] SATIB]AI SA0IABD jruondunj jo Ajrjein]

3} 7O SUOTIIIIP ) JUTULIOIP 0] LOPIO UT 20142p Junnduriod dGeress oY) JO BUUIUL [EUONIINP © SUWIJONU0d Aq 331A3D
uiindwod 9jdeseam i3 JO UOIIED0f 2yl 0] 2ALR|L 014D feuonouny Jo Aijeinid 2y Jo stonsanp oyl uiuiuag 97/

[

s901A0p [euonouny jo Anjeinyd o) Aq penrwsuen sjeudis Jo Apeingd ot uo ‘aed ur 1ses] 3¢ ‘paseq 291Adp |

Sunndwod o]qeIBdM O} JO UOTIRO0] J1j) 01 QANR[II SOIIAJP Jeuonduny Jo / ﬁ\mﬁsa Ay JO suonN221p Surmuuddp Ag 9oiaop !
Sunndioo d1qeIesm 343 Jo UOTIRIO] SY) 01 JAIIRIDI SIIASP [eliondun] Jo Aijemyd ay) Jo stonedoy Sy FwurINe( S/ |

‘ , SIDIASP JRUONIUN

Jo Ayjermnyd o) £q papiwisuery Sfeu3is %o Ayemyd o) wo_‘yred o1 3sea] Je “paseq 201aap Sunndwoa ajqeream 2% Mo aoumoo,w
01 DATJB]OI $301ADD [RUONdUN] 10 A1jeInjd 04) JO SUoned0] SUuId)op SUIPNOul 901A0p Sunndwod ojgeIeds o) AG PoAINdAI
plie $201A0D [BUOTIOUNY 1O ANjeinjd oY) Aq papiwisues) s[eudis Jo Nm.:SEm oyl uo ‘red ui 1se0] 1B ﬁumwm 991A9p SunNdwod
o]qEIRaM 3T]) JO S3UL] UOEOUNIUTIOD 3 UTYILA $931A3P Jetionouny jo Ayjeanyd a1 Jo souasard ay) Sunodleq ¥/

. .. @.
Atepunoq Suidoeaus mu OPISINO 2510U PUNOIIRIEG JAA0 IGLULIIISIP J0U puL

Lrepunog Furdojoaus sy ::.w:s 25100 PUTIDIZNORY AL m?:cuu%w mc_omw 201A9p Suyndiuosd ow» BIR3M DY %L~ opLLusuRL STEUSIS 19M0od-Mo

aIagM ‘ATeplnoq smdo]aalio ue Aq patnjop AJfrPUIOIKS SUIdq pue 51A0D Sunhdiiiod djqeIeam : mﬁ SOpOIUI Ju % aumjoa jenkds e Guraq oFuw

UOHBOTUNIUO OTf) “adiaap sunnduwoo djqeseam e Jo d3url HONBIHINUIMIOD UIHIM $921a3p [euonouny Jo Ajjemyd e jo osuasdid Sunoadd 709

GumgD




US 9,167,376 B2

Sheet 21 of 30

Oct. 20, 2015

U.S. Patent

P e gt

[
[

[

_

_

_

_

_

_

_

_

| Arepunoq Surdojoaus oy !
| OpIsino asrou punoidioeq !
| JOAO D[QILIdOSIp Jou pue !
| Axepunog Suidojoaus ot |
| ungim asiou punoi3yoeq
[ JSAO B[qIuUIR0SIp Futaq
L Jomod ptusues) JO ssof 10 4
_ ﬁgﬁm:ﬂa * SUISn 921A9D |
“ Sunndwos sjqeream |
| a3 Aq payrsuea) !
| s1euds ramod-mof axaym !
| ‘KIepunoq SudopAud
| oe Aq pourjop AJJeUIXD St
| 181} pue 931a0p Sunndwod
[

[

_

_

_

[

_

_

f
dfqeredm oy Sapnjout "
1ey) 201A9p Sunndurod
A[qeIBIM O} JO I

JgurRI UOTEIIUNWIUOD Y} |
UM, S3DIADD _msouosj !
30 Qrpemid e 30 o3tiosaud !
o) Suhoated TEL

Aepunog

Suidojaaud ayy IPISINO | |
9510U puUNOIZNoRq | | !
JDAO 2]qIUIRISIP

10U pUR Afepunoq
Surdojeaus oy urgyum ¢
astou punoigyoeq ! 1!
IDA0 2[qruIosIp Suiag
Jomod yrwsue) Jo s$9 |
JO JBAIW §° Suisn |
201A3p Fumnduiod
djqeirom oyl

Aq peynwsuer) sjpudis | | !
EBCQ-Bﬁ roym i | !
‘Krepunoq Sudojoaua t 1!
ue Aq pauigap
ATpeuIa)xs si jeys !

pue 351A9p Sunndwod
J[qeIedM 2% Sopnour |
eyl 92149p Sunndwod |
drquIzaMm o1 JO |

a8ueJ UOTJROTUNUIUOD |
oY) utypm |

muuSo% [euonouny jo !
Aneinid e 3o douasald !

[
I
i
I
i
i

2o1A9p Sunndwod
JjqrIoMm |

atp jo o8uer
UO1RITUNITIOD |
Ay puokaqg
QJRQTUITUWIOD O] |
Pousisop sa01Ap |
Sunyur] (U)o !
3o &jiremnyd oyy |
‘001iAap Funndwod |

|
I
I
I
|
I
I
I
I
201A%p Sunndwod _
I
I
|
|
|
“ Jy1 Jo o5uer
I
I
I
I
I
I
I
|
|
I
I
|
I
I
I
I

Jjqeaeom ot JO
oFueI UONEROTUNTIIOD
OU) UGN

SO01ASP PaMOpU
10ST28 JUSWAAOU

|
I
!
!
i
1
|
|
|
|
SqeIeaMm a1 JO | |
o8url uopEdUNWIWO | |
SU) unpIM |
SAOTASD pamopua ||
|

|

|

|

|

|

|

|

|

|

|

I

I

-

oW

Josuas oIpne 1o/pue !

Jo Ayeanyd © [ensiA JO »%_EEQ B “ ojqeIeom |
J0 20u0s1d Fund93dp 1 10 doudsald FUNILIP ! )
£q 90tA0p Bunnduwiod ;y “Aq soraep Sunnduwiod | UOTJEOTINTIIOD |

Y] ULIIA S3D1AJP |
Suidur] [eUIX |
JO Aypeanyd !

© Jo douosad !
unoARp Aq |
3o140p Junndwod

d[qeIeoM o) ]

oFuel uol1EOTUNTITHD
N

SQOIASD POMOPU
10SUds JO AJIjeIn|

oy Jo 9olrasar

<

J[qeIROM 211 JO |
Q3uel UONBOIUNWILLOD |
Sy urypem |
SAOTASD PaMmopUR |
Josuds Jo Ajijeinyd |
umu‘ Jo ootiosard !

S

- Q

jaRaNF)

|

|

atf] SuUi0Id 119019¢T 667 ! Jjgeigam
——— l@ - I.Hl .w .m.l_!ﬂl.mW P _Tv T I.QI I”_ IQIOIMW [ oﬂf«ﬂ% a8uel “
2o01Aap Sunndwion ajgeieam | UOTIROTUNUITIOD |
I} JO 93URI UONBITUNIUTIOD 3} UL SIDTAID | UM |
POAMOPUD TOSUIS JO @:ﬁ:_m £ J0 oouokald | | $201A9p JRUOIDUNY |
Funoaiep Ag 20143p Sundiued 3jqeieam ayj JO ! J0 Ayrjeanyd !

23Ukl UONEITUNUIIOD UM $92]ASD [euonduny ! oy jo aouasaid !

oyl SunoMa(] 757 ." I Jo Ayrpernjd oy Jo aouosdad oyl Sund00(I 6ol w | 9y) Suioale(q R "

Arepunoq SuidojoAud ay) SPISING SSIOU PUNOISNILQ IOAO [QIUISSIP J0U pire ATepunoq Juido[aAud y) ULy M Isiou

PUNOITYIEBQ 1940 S[GIUIDISIP FUIq 201AIP Sunndwidd sjqeredm ) AG pNIisue] s[eusIs 10400-M0] 2100M

Arepunoqg Suidorpius

ue AQ pauigop Ajjeurorxs suidq pue 9314 Sunndwod djqeresm oY) SOPNIIUT JBY) SWNOA ms@% © Suroq afuer yonedrInmod

A1 ‘29142 Sunnduios djqeIeam ¢ Jo HFURI UOIEITUNWILIOD UIPIM SIOIAIP [euonouny Jo

freinyd e 3o oouasard Sunveg 709




US 9,167,376 B2

Sheet 22 of 30

Oct. 20, 2015

U.S. Patent

L D14

SOIJI[EUOT)OUN] JOSUS
aI0W 1O JUO Y)Y e%;mz o0pUl |

SeIITeuonoun] I05Uas 210Ul
mOO@m@O~>®W BuOIOUN] 2I0W |

JO QU0 3t} IPIAOT cmoocS 520 1 I
SOOTADD JRUONOUT] 90U JO QU0 o% JO QU0 AP IT SOTHEUONDUNT JOSTDS |
M BOSTA JO/PUE OIpne 2J0UI 10 U0 |
PIAOId SOTAD quauss 2101 |
10 U0 2% 1Ryl 18D %E jeq) ,wmqwa |
uone %aoU IO JO QU0 BIA |
SUOHBILIIJUOT DIQUL IO JUO ‘S[RUSIS |
AItb Jamod-mor a1our 1o U0 |

Y1 10919p JBY) SOIIAJP [BUONOUN,
i 80? 19 210 S% rES 00 _
sjeudis Asanb romod-/ mw AIOMU 1O |
auo jtusuen 0 oow»om sunndwoo |
" d1qeaeam oY) SUNOSH( ¢/ |

SanIRUONOUI
JOSUIS QIO 10 SUO A1} u%?oa Po3puI SO0p muorﬁ% wwqon csw.ugoﬂ

IO 9UO 34 JI SONI[BUOLOUN] JOSUSS QIOW 10 U0 Ip1aoid SaO1ASD [BUOKOUT
a10ur 10 U 3 Zmam 21 SWE 81} S[RUSIS UOIIBIILIFUO) SIOUI 10 910 Bl
SUOTJBULILJUOD SIOW JO JUO “SJRUSIS A1dnD Jasmod-mof 3Tow 10 9Uo 3} 10313p
1e1) 9>®% %mzo:osz aIoul 1o 210 Eo.mhnﬁmﬁo 0] speudis Aranb ramod

-A0[ SI0W JO U0 NUISULRY) 03 201A0p Funndinos ajqeieom oy SUndI(] /¢

!
i
_
_
|
|
JI sbnifeuonouny JOSUds JUIWIAOU !
JOW 10 3u0 op1aoid sao1Adp !
quﬁog:uw Jowy IO U0 oﬁ 1841, !
21801PUL E:h S[eudIs uonBuULzuod ;!
2J0W JO QU0 BIA_SUOHBULIIUOD Juour !
10 200 ‘speusis Axnb mod-mofp !
2JOW 10 SUO 9YJ 109Jp 8L} SAOIAJP !
[RUOTIOUN, IO JO 9UO WO} ‘uii)qo !
07 S{eUSIs AJonb Jomod-Mof aotd |
10 oUO Jwisue]) 0] ou?om Junndwoo | |
9[qBIZAA I} SUNOSI( 6EL !

moo:,o% Enozoaﬁgos:o.
ouo o Aq %uwSoE UL UOTEITUNUIuoD |
JOUT JO U0 u%w mo. 9)ET IQJsuen
BJED 1) 93BIIPUI uﬁ_m STeUs1S UOBwIIuod |
2IOW IO O BIA SUORUIILIUOD 3J0W |

10 JUO ‘S[eusIs Arahb .GA&OQ-B:OM 2IOUIL 1O |
2U0 2] Buwu% 1Y) SIOIASD [RUONOUN] JI0UI |
10 UO I} WOJJ “UIRIGO O} SJRUSIS Alonb |
Ho,ﬁmg-ﬁm 2J0UI JO JU0 Ecmw 1) 0} 3019 |
unndiood dfqeream 3y} SUNRIJ 9¢L |

SS[UI] UOTROTUNTIHOD SIOW JO U0
1) 9p1A0Id PIOPUL SIOP SAIAD Jeuonouny |
2I0UW 10 SUC ) JI S0TASD Sunnduwod
SlqRIEaM. 3} JO 3 el HONeITUNTITIOD |

0 PUOAS] 0} S| UoHeOUNWLIOd

O U0 aPIAOIT DIAJD [RUOIOUNT

210U 10 3O ] gwﬁw edIpUl JeY) S[BUSIS
1

YOTBULILIIOO IOT 1o BIA SUOTBULIIUOY

’ 210U JO QU0 ‘Sjeudrs Amnb 13mod
-] 210U 10 U0 Y] 680% 12y} Sa1A2D
[EUOUDUIY 10U 40 JUO WO “UI¥)qo 0) S[EUSIS
_ anb 1am0d-mo] 210Ul 10 HUO JWSULI] 0)
11 901A9p Funndwoo uiw.&o? o) FUNDAI GE/

|
|
|
|
|
|
| 210
|
|
|
|
|

SATBUOOUNY O1 100ds orow 10 dUO ol oﬁtﬁﬁ& oomﬁ\ﬁ S0P SIIAIP m&ﬁcd\oﬂ: alowx IO

QU0 O JI SONI[BUONOUN] 2110ds 910w J0 SU0 Ipiaod sodiag E:Qwoq: QIO JO JUO Y} 8
I 1 »OQ-BOW 2J0W JQ U
Alanb Jomod-mo[ SI0UW I0 QU0 JIWSURI] O

3JOUI JO QUO BTA SUONEULIFUOD DIOW 10 dU0 S[BUJIS AJon
0I0W 10 JUO WO urelqo 0} s{eusIs

Hoéoﬂs:mﬁ,awaqoﬂmgﬂbqoo
,;w_o&ogm Mmoo.;o ?qowoc:
3ounap sunndulos oighon o Suoouq ved




US 9,167,376 B2

Sheet 23 of 30

Oct. 20, 2015

U.S. Patent

AL DId

201A9p

At

SI OYAS
1o au:

|
|
|
[
i
I
I
I
|
|
[
i
|
i
I
|
|
[
|

wﬂama bo:@
JOMOd-M0] IO JO"UO Y]
JSuRL 0] 3AP Sunndwod | i

1001 BUBIS Atonb i

IomM0d-M0] 3lotr J0'9UQ I |

JiIsued) 0) ouEuﬂ upndwloy | i jusuen
"d[qeredm ayj s

U0 2y] I1 senjeuonsuny 21310ads azowr Jo 3Uo apisoid so
3 % % .m.mcouﬁﬁﬂug 210TU JO 2UO SJBUSIS A1at
QIOW IO JUO WO} UIRIgo 0] S[RUSIS A1onb 10mod-Mo] 310Uf 10 dUO JHUSURI) 0] 90TAdP Funnditiod ofq

dzour 10 2u0 v

1 A POIBIDOS

S[BUSIS O I
IO QU0 BIA SUO

Iamod-m

131 CFL 1 SlqeIeam dyj o

$211LRUONIOUN oxau% 240U 10 U0 om: opraosd vooﬁ:w $20 !
2 10 3U0 o) Hﬁ% 1801PUT 1 .mr M u
3

ot} 819949
1) s} fm

Sunndwoo oﬁ&mo%
B Omﬂm i
2SN B )14 POIRIDOSSE |

DIB SATAIP \ TOTOUNY 910U |

1 S1edIpUl JeL) |
o1} E&mg. 5 dJowW |

TRWLIUOD |
210tU 10 QU0 S[BUBIS |

Y1)

A1onb 19M0d-M0] 2I0W JO |

1 3UO DU} $12910D JBY] SIVLAD

) ow 2IZIM oww J0 I9a1908URY) 1 %cosua 210U 10 U0 o..m

2 S wWox .EEﬁMu 0] syeudis Alan
]

QIO JO' U0 2Y) |
0] 30 :Sm Funndwo? |
)

19901 ¢hL |

AP |

mﬂO~WU§~M/ 10U

.ooSMﬁ Sunnduwon
21qBILOM O] ITM Popnjoul
&co:mo:m% 80@ Wuc uo
spoddnsyem wqos«oﬁ&m i
2JOUL 1O U0 0) $SAIL 4

SBY SI1AD amos“ﬁhw_m 2101

10°3UQ 92Ut 1By} J1EdIPUL 1BYY |
m%gwa o:maﬁwa 0 dI0W
10 3UO0 3y} BIA SUOTJBULIJUQD |
. QIOUI 10 QIO “S[PUSIS |
Aionb 1amod-mo1 21010 |
IO QU0 QU 199D 1By S9AAIP
BUON) Ew 30w 19 2ug oﬂw _
woIy ‘UjrIqo 0] S[RUSIS Alanb
J9M0d-MO] 2IOW_JO U0 317
Jusuel) 0l ooSom sunndwod |
d[qeIeom off) SUNISN T/ |

Jamod-Mo0] 210Ul 1Q dU

qre

!
i
i
AVTAD ¢

Sunndurod 21qrIBam ) 011

SONI{EUONouUNy 3
10'ou0’oy) 3

[euondu
BW upd Uo
STRUSIS UOT

103ds aloul
mﬂ 01d S01AD |
% 210U 10°2UO |
A 2)ROIPUI 1R} 4
BULILJUOO d1oul

JO QU0 dY) BIA SUOHIBUIIIIUOD 4

1ot

10 200 ‘S[RUBIS

A1anb .5>>oa.>\5wv Q100U 4

10 QUO 9Y) 19919p JBY) S

OTIAD |

LUONOUNJ 910U IQ JUg orm |
w .w\,“ES@ 0} mm%zma Aronb
IOM

od-mo7 910

1107910 o) |

JUSURY) 01 921A9p Sunnduio |

‘o[qRIBOM O]
SA2IALD |B

q

Unodn OpL |
CZOCE 210U IO

aso:mEbon
mooﬁ%?moﬂom:
BIM 21 SUBOdI(] BF§




US 9,167,376 B2

Sheet 24 of 30

Oct. 20, 2015

U.S. Patent

i @d1a0p Supndwod
: dlqueIeoMm
94} gum papnjoul
suoneordde
10Ul JO
i ouo uoddns ey
i suoneorjdde ajowr
{10 OUO 0] §5000%
1SBIY 18 2ARY
0] pouTuIalep
2I0M TR SQO1ASD
[RUCHOUNY 210W
JO JUO ‘SIDIAID
[rUOnOUN

: Jo Ayjeiny
;o) wolj ‘Gur)oo]es
i AqQ senijeuonouny
© 3J0Ul 10 2U0 3}
: 201A9p Sunnduwiod
alqeIeom
o 0y Surpiaoid
" 10] $IIIAD
;JBUOIIOUNY 210W 10
QU0 2Y) “S9JIAID
[euonounj JO
Apjenyd oy wioy
"3unooes 618

| $201Ap TRUONOUN;

Jo Aynjeany

i 901A0p Bunndmioo

3|qeseam;
w o1} 01 $18T IO
2IDA A2[SUD4] DIDD:
i psoysiy aptaoid:
| 0] PIAVIWINSP:
| DIOM IR SOOTARD;
[RUOTIOUTY IO
[ 1O QUO ‘SAJTASD:
; TeuonduUN;
w Jo Anjeinyd;
iou) w0y ‘Surodfas;

[ Aq sopreuonOUy

. 210Ul JO 9UO oY)
P 201A9p Sunndwod!

,w ojgeream
[ a) 03 Surpraoad

; T0J SAOTAQP

| (PUOLOUNY 310U 10

! 2UO 9Y) ‘SAVIAJP;
[euonoung Jo-

- K&pemyd oy wioxy
. ‘Bunosjeg §FY

am jssuowe:!

201A3p Suyndwoo
Jlgeeom )
I PAJRIDOSSE
OS] SI OUM .{aSH
D M PIIIIIOSSD
2q 0) POUIWIRP
2Ie JBY) SAJTASP
[eUonOuUNy 2UOW
JO QUO “SOJTAJD

Teuonout

: Jo AjjeIng
‘o) wioxy “3unoalas
{1 Ag saurjeUOnOUNY |
210w 1O 2UO 3Y)!
: 90149 Sunndwod
dlqeIRIOMm |
ayy 03 Surpiaoxd
. 10J Sa01AD
! {[eUOT)OUTY QIOWE IO
L1 2uo0 9Y) ‘SIDIAIP
; jeuonosuny Jo
: Aryeinid sy woxg
fr ‘Bunospes E8

20140p Sunndwod
a[qeIeam

371 JO UoNed0f; ;
ay) 0} 2AnR[A
SIDTAQD JEUONOUN]
QIO IO U0 3Y) JO,
SUOIBDO] SAlRJA; |
3JOUW IO QU0 24}
uo “ued ur)seoy;

!

B “POSBg $A01AD ! |
[eUonNOUNJ I0W JO! |
JUO A} *SAOIAP;
[euonsuny;

Jo Ayrpeanyd’

o) woyj ‘Guno2fas

a1 wox ‘Funosojos

q senjrUOnOUNY; |
QJOW 10 QU0 I,
20142p Supndwod!
ajqeIeoMm; |

ayy 03 Furpraoid: .
10} $201ADD!
{{RUOLOUN] A10W. JO
200 2Y) ‘S20143p !
TeuondUNg 10!

[EUONDUN} IO 10|

oUO Oy} “SA0IADD, |
[euonOUNy 3O
Aypegd oy woiy!
.. BULORS OFS,

| $OTADD [RUOTIOU

Jo Auperng

a1 JsGuowe |

sanijeuOnOUTY
2I0W IO

JUO OV} 0} §§220p
15211.402 opisoid
0] PIUTLIINRP
213/ JBI]) SODTADP
[BUOL)OUNY JIOW
JO QU0 ‘S30IAQD
feuonouny

Jo Anpeinyd

Aq seni[euonOUTY
2I0W JO QU0 21}
301A9p Funndwod
o[qeIeom

aq) 0) Suipiaoxd
J10J 330149p

Anpeand oy woxyg

"dunosjag CHY

SO21A0p [BUOTIOUN,
Jo Ayjeing
sy 1sfuowe
¢ ao1A9p Sunndwoo
S[geiram ayl Aq
TIEA S1BOTUNTHO |
01 Jomod ywsuen;
JO junowe!
1se9] axmbax
0} POUIUINIP!
219/ JBY) SIDLAD
[eUONOUNJ 2I0W;
IO QU0 ‘SA0TA3D
TBUonNOUN
JO Apjeany
o) woldj ‘Funoas
q sanijeUOIIOUNY
JJOWI 10 U0 I}
201A9p Sunndwod
d]qrIEO M
a1 03 Buipraoid
: 10J SAJ1AP!
[ [RUOTIOUN] SI0W 1O
U0 3] ‘SIIIADD;
i [BUOnOuUNj JOi
¢ Aneayd oy woy !
‘3unjooag 8,

. SO BUOLIOUNS SIOW O dUO 9DIAID mca:a&om
a[qeIeasm 2 03 SUIpIA0Id J0J $20143p [RUOTIOUN] SJOW JO QU0 ‘$20142p [eUONOUN] JO Ajjean]d ot wogf ‘Funasies F09




US 9,167,376 B2

Sheet 25 of 30

Oct. 20, 2015

U.S. Patent

Jo Ameanjd oy oy “Sundajag TTY

JOSTL 3Y) JO SQUUK 24O

10 9uo 1)) Jo suonIod 210 JO JUO I8eI[ J& S}

JO SJUSWIDAOW IO 10 SUO JO vlep advwl apnjour;
0] POUILEIDNOP SBM B} SOADD [LUORDUN] DIOW JO!
QU0 2yl Aq papiaotd elep J0suas uo ‘ued ul 1se9| I8
‘Paseq SadTAJP [BUOTIOUNY AIOTY JO JUO ) ‘SOIIAJP:
[euonouny yo Aiernjd oy woiy “JunospRg {oy:

| 201A0p Funndmod jqeres
| 941 YU PIJRIDOSSE JOUTY SI OY

Ja5N € JO 90104 B )M PAALIOOSS
2Jep OIpnE 2PNOUI 0) POUNILID
SR\ JBY} SOMTADP [BUONOUN

Q4o JO 2H0 Y} Aq PopIaod

eyep Josuas uo ‘ped ur jses

1€ ‘pAseq SIMAIP JRUOHDIUNJ JIOW
J0 QUO I} *SIDTAIP JRUONOUNG |

Anpeanyd 2y) woyy “3unoojdg §¢g

IosT ® JO SQUUI] 210
0 QU0 JO SD]OSNUI AIOWL|
10 2UO JO SANIAND
[2OLIO]3 SIOW I

QU0 JO SATJEDIPUI BIED!
opn[ouI 0) PAUNUIS
SBA JBY) SO0IAD
JeHONUNy JIOUL,

10 2U0 Yy Aq papiaoid,
pIEp JOSUIS 1O “Wed u
1SBA] IB “Paseq $90IAT
TEUOTIOUN] 210U 10 U0
oY) ‘SOOTAID [RUONIUN]!
Jo Anjemyd oy

woIp ‘Junoses $69

IOSD Oy} JO QU] DIOW JO dUO
40 suotpod 210w 1O 2U0 ISBY| IR JO BIBp 9TBUI 9pnD|OUl
0] PUIULIIAP SEA JEY} SIOIAQP [BUONOUNJ JIOUL;

1o 2uo a1 £q papiaoid eiep 1osuas uo aed ur jses|

18 “pasE(q SADTAIP [BUOTIIUNJ DIOW IO DUO DY) ‘SIDIAD
jeuonouny 3o Anjemyd ayy woy ‘Guns9las 76y

ee

oTpne OPNJOUL 0} PAUIUIINAP SBA
o1} SADIADP [BUOHIOUNJ IO IO DU
oY1 Aq papiroid Biep JOSUS UO ‘JiB
UL JSB9] 18 “Paseq $901ASp [euondun
QIOUT JO SUO Y} ‘SIOTAP [RUONIUN,

Apoq s Josn e Jo uoniod v 15w 18 JO BIRp
OFeUL OPT|OUL O] PIUILLIDIOP SEM JBY) SODIAIP jBUOIIOUNY
aIow JO 3u0 9y Aq popiaoid ejep Josuas uo ‘ped

U1 JSBI] 38 ‘PAsR( SOOIAD [2UONIUNY IO JO U0 )
| ‘so01A2D TRUONOUN] Jo Anjeinid o) woyy ‘Bunoepeg T8

mmoﬁo@Rqouoq&o\_oE,ﬂooaooﬁ\Evuom/oEE%kcwzmwmontmgzﬁwmu:@.bcoma@moogo nwwqocoas
210U JO 2UO ‘S30TAIP Jenonouny jo Ayjeinyd oy) wogj ‘Sun)os)as AQ SSU[RUONIUNJ SIOW JO 2UO0 3] 921A2p Funndwo

ajqeizam aY) 01 SuIpiaoid 10 $201A2P [RUOTIOUNT SIOWT JO SUO [} ‘$301A3p [rUOTOUN] Jo Ajernid ay) woyy ‘Funosses (og!

SATI[BUONOUN] 2I0W 10 SUO 801A3p Surjnduwron
J[qeIeon 2y} 0) Surpracid 0] SIDTAP [BUOTIUN] AIOUT 10 dUQ ‘SADIAIP [rUOnOUN] JO Ajfeinid o) wox ‘Sunaops 09

J
4
0

Cpmg O




US 9,167,376 B2

Sheet 26 of 30

Oct. 20, 2015

U.S. Patent

08 Ol Cpuz D

| SOOIADD [RUONUN] JIOW 10 JUO || SIOLADP [BUOIIDUN] DIOW IO dUO] SOOIADP JBUOIIOUN] SIOUWI JO JUO: |

SIOSUDS :

10T 10 JUO AQ PAJOS][00!! :

JOS0 & JO SA[OSNUT SIOUI IO dTO SIOSUS: SIOSUSS 2I0Ul} |
Ypm pajeIdosse glep \Q_\/:um: AI0UI IO U0 %Q P109]00 BIED! 3O 2u0 Aq Pa102[j0D ElBp oSt |
[e511309]2 201A3p Funndwioo!!  jusuraoty 90tAdp Sunnduiod Io/pue orphe 201A9p Sunndwod!

Jjqeieam ay) 0 wﬁﬁvgo‘a How ajgeleam 2] 03 5@30.& 10j Q[qrIBaM 2T) 0) EE\/OHQ .5.&

nm00ﬁ>bﬁ jeuonounj jo %gﬂ&% :wDOTV@@ jeaonauny Jo %u:m..glﬂg hmoom\/wﬁ reuousuny jo \mw:QH—\:Q |
Sy) woy BUNARIS TY8| Y)Wy ‘Funwps 198; 3y woxy “Bunodpg 98!

SIOSUSS AIOUL 10 dUO A£G PA)OI[[OI BIR J0SUS 201Aap Sunnduioo sjqereom ay) oy

. Surpraoud 10y 591A0P [PUONIUNJ DIOWI JO IO *SIDIAIP [EUONOUNY JO ANemyd OY) WOY ‘FUNIILS 633,

SOI[RUOTIOUN] JOSUOS DIOWI IO JUO|

a01A9p Funndwon ajqeieom oyl 0 IUIPiaoad 0} SIDIAID [RUOIIDUTY 2JOUE 10 UO ‘SO0IAAP |BUOIdUND] JO
! ! l { Ip! } ! [EUO} L ! [BuoOs 33

Kpeanyd oy woxj “Sundajos £q SanieUONOUN AI0W 10 U0 231A2p Funndwoo sjqeream ay) o) Surpraocid

10} S201A3P [BUOIIOUNS JFOUI 1O JUO 2y} “$291Aap jeuoiiouny jo Apjeinjd oy wouy ‘dunnoajag 9cy

so149p Sunndwoos:
ajquicom.

oy Jo 23uwy,
UOLJROIUNUIUIOD:
o)

puo&aq 0] sy,
UOTJROTUNTITIOD
210U JO QU0
201A3p Funndwos;
J[qeIBOM O

01 Surpraoad 103!
SOOTADD JRUONOUN],
210W 10 2UO;
‘SDTADD [euoIdUNg |
Jo Anjeanyd;

ay) woJj ‘Buooos:
AQ SQT}I[RUONIUN]
2JOW JO U0
301a9p Sunnduros,
O[qRIBOM.

o) 01 Surpraord;
10J S201A3D
[eUOTIUN] AIOT!

10 9UO ) ‘$IVTAID!
fpuoOnouUNg 30!
Ayemid a3 woiy:
‘Funoopes ZSY

moummao:ogﬁ AIOWI 10 U0 221adp Sunndwod
)

a[qeIvam oyl 03 Surpraoxd JOJ SOOIASP [BUONOUNY IO JO JUO ‘SAITAIP [LUONIUN] JO

rieinjd o) woI ‘Sunoses $09




U.S. Patent Oct. 20, 2015 Sheet 27 of 30 US 9,167,376 B2

900
Start

902 Detecting presence of a plurality of functional devices within communication range
of a wearable computing device, the communication range being a spatial volume that
includes the wearable computing device and being externally defined by an enveloping
boundary, where low-power signals transmitted by the wearable computing device bein g
discernible over background noise within the enveloping boundary and not discernible
over background noise outside the enveloping boundary

A4

904 Selecting, from the plurality of functional devices, one or more functional devices for
providing to the wearable computing device one or more functionalities

y

906 Facilitating the wearable computing device to use the one or more functionalities
provided by the one or more selected functional devices

FI1G.9
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SYSTEMS AND METHODS FOR SELECTING
FOR USAGE ONE OR MORE FUNCTIONAL
DEVICES DETECTED WITHIN A
COMMUNICATION RANGE OF A
WEARABLE COMPUTING DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

If an Application Data Sheet (ADS) has been filed on the
filing date of this application, it is incorporated by reference
herein. Any applications claimed on the ADS for priority
under 35 U.S.C. §§119, 120, 121, or 365(c), and any and all
parent, grandparent, great-grandparent, etc. applications of
such applications, are also incorporated by reference, includ-
ing any priority claims made in those applications and any
material incorporated by reference, to the extent such subject
matter is not inconsistent herewith.

The present application is related to and/or claims the
benefit of the earliest available effective filing date(s) from
the following listed application(s) (the “Priority Applica-
tions”), if any, listed below (e.g., claims earliest available
priority dates for other than provisional patent applications or
claims benefits under 35 USC §119(e) for provisional patent
applications, for any and all parent, grandparent, great-grand-
parent, etc. applications of the Priority Application(s)). In
addition, the present application is related to the “Related
Applications,” if any, listed below.

PRIORITY APPLICATIONS

For purposes of the USPTO extra-statutory requirements,
the present application constitutes a continuation of U.S.
patent application Ser. No. 14/057,082, entitled SYSTEMS
AND METHODS FOR SELECTING FOR USAGE ONE
OR MORE FUNCTIONAL DEVICES DETECTED
WITHIN A COMMUNICATION RANGE OF A WEAR-
ABLE COMPUTING DEVICE, naming PABLOS HOL-
MAN; RODERICK A. HYDE; ROYCE A. LEVIEN; RICH-
ARD T. LORD; ROBERT W. LORD; MARK A.
MALAMUD; CLARENCE T. TEGREENE as inventors,
filed 18 Oct. 2013, which is currently co-pending or is an
application of which a currently co-pending application is
entitled to the benefit of the filing date.

The present application constitutes a continuation-in-part
of' U.S. patent application Ser. No. 13/950,926, entitled SYS-
TEMS AND METHODS FOR PROVIDING ONE OR
MORE FUNCTIONALITIES TO A WEARABLE COM-
PUTING DEVICE WITH SMALL FORM FACTOR, nam-
ing Pablos Holman, Roderick A. Hyde; Royce A. Levien;
Richard T. Lord; Robert W. Lord; Mark A. Malamud; Clar-
ence T. Tegreene as inventors, filed 25 Jul. 2013, which is
currently co-pending or is an application of which a currently
co-pending application is entitled to the benefit of the filing
date.

The present application constitutes a continuation-in-part
of' U.S. patent application Ser. No. 13/962,373, entitled SYS-
TEMS AND METHODS FOR PROVIDING ONE OR
MORE FUNCTIONALITIES TO A WEARABLE COM-
PUTING DEVICE, naming Pablos Holman, Roderick A.
Hyde; Royce A. Levien; Richard T. Lord; Robert W. Lord;
Mark A. Malamud; Clarence T. Tegreene as inventors, filed 8
Aug. 2013, which is currently co-pending or is an application
of' which a currently co-pending application is entitled to the
benefit of the filing date, and which is a continuation of U.S.
patent application Ser. No. 13/961,187, entitled SYSTEMS
AND METHODS FOR PROVIDING ONE OR MORE

10

15

20

25

30

35

40

45

50

55

60

65

2
FUNCTIONALITIES TO A WEARABLE COMPUTING
DEVICE, naming Pablos Holman, Roderick A. Hyde; Royce
A. Levien; Richard T. Lord; Robert W. Lord; Mark A. Mala-
mud; Clarence T. Tegreene as inventors, filed 7 Aug. 2013.

The present application constitutes a continuation-in-part
of' U.S. patent application Ser. No. 14/017,693, entitled SYS-
TEMS AND METHODS FOR PROVIDING ONE OR
MORE FUNCTIONALITIES TO A WEARABLE COM-
PUTING DEVICE WITH DIRECTIONAL ANTENNA,
naming Pablos Holman, Roderick A. Hyde; Royce A. Levien;
Richard T. Lord; Robert W. Lord; Mark A. Malamud; Clar-
ence T. Tegreene as inventors, filed 4 Sep. 2013, which is
currently co-pending or is an application of which a currently
co-pending application is entitled to the benefit of the filing
date, and which is a continuation of U.S. patent application
Ser. No. 14/014,882, entitled SYSTEMS AND METHODS
FOR PROVIDING ONE OR MORE FUNCTIONALITIES
TOA WEARABLE COMPUTING DEVICE WITH DIREC-
TIONAL ANTENNA, naming Pablos Holman, Roderick A.
Hyde; Royce A. Levien; Richard T. Lord; Robert W. Lord;
Mark A. Malamud; Clarence T. Tegreene as inventors, filed
30 Aug. 2013.

The present application constitutes a continuation-in-part
of' U.S. patent application Ser. No. 14/044,576, entitled SYS-
TEMS AND METHODS FOR COMMUNICATING
BEYOND COMMUNICATION RANGE OF A WEAR-
ABLE COMPUTING DEVICE, naming Pablos Holman,
Roderick A. Hyde; Royce A. Levien; Richard T. Lord; Robert
W. Lord; Mark A. Malamud; Clarence T. Tegreene as inven-
tors, filed 2 Oct. 2013, which is currently co-pending or is an
application of which a currently co-pending application is
entitled to the benefit of the filing date, and which is a con-
tinuation of U.S. patent application Ser. No. 14/043,395,
entitled SYSTEMS AND METHODS FOR COMMUNI-
CATING BEYOND COMMUNICATION RANGE OF A
WEARABLE COMPUTING DEVICE, naming Pablos Hol-
man, Roderick A. Hyde; Royce A. Levien; Richard T. Lord;
Robert W. Lord; Mark A. Malamud; Clarence T. Tegreene as
inventors, filed 1 Oct. 2013.

RELATED APPLICATIONS

None as of the filing date.

The United States Patent Office (USPTO) has published a
notice to the effect that the USPTO’s computer programs
require that patent applicants reference both a serial number
and indicate whether an application is a continuation, con-
tinuation-in-part, or divisional of a parent application.
Stephen G. Kunin, Benefit of Prior-Filed Application,
USPTO Official Gazette Mar. 18, 2003. The USPTO further
has provided forms for the Application Data Sheet which
allow automatic loading of bibliographic data but which
require identification of each application as a continuation,
continuation-in-part, or divisional of a parent application.
The present Applicant Entity (hereinafter “Applicant™) has
provided above a specific reference to the application(s) from
which priority is being claimed as recited by statute. Appli-
cant understands that the statute is unambiguous in its specific
reference language and does not require either a serial number
or any characterization, such as “continuation” or “continu-
ation-in-part,” for claiming priority to U.S. patent applica-
tions. Notwithstanding the foregoing, Applicant understands
that the USPTO’s computer programs have certain data entry
requirements, and hence Applicant has provided designation
(s) of a relationship between the present application and its
parent application(s) as set forth above and in any ADS filed
in this application, but expressly points out that such desig-
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nation(s) are not to be construed in any way as any type of
commentary and/or admission as to whether or not the
present application contains any new matter in addition to the
matter of its parent application(s).

If the listings of applications provided above are inconsis-
tent with the listings provided via an ADS, it is the intent of
the Applicant to claim priority to each application that
appears in the Priority Applications section of the ADS and to
each application that appears in the Priority Applications
section of this application.

All subject matter of the Priority Applications and the
Related Applications and of any and all parent, grandparent,
great-grandparent, etc. applications of the Priority Applica-
tions and the Related Applications, including any priority
claims, is incorporated herein by reference to the extent such
subject matter is not inconsistent herewith.

SUMMARY

In one or more various aspects, a method includes, but is
not limited to, detecting presence of a plurality of functional
devices within communication range of a wearable comput-
ing device, the communication range being a spatial volume
that includes the wearable computing device and being exter-
nally defined by an enveloping boundary, where low-power
signals transmitted by the wearable computing device being
discernible over background noise within the enveloping
boundary and not discernible over background noise outside
the enveloping boundary, and selecting, from the plurality of
functional devices, one or more functional devices for pro-
viding to the wearable computing device one or more func-
tionalities. In various implementations, at least one of the
detecting or selecting is performed by a machine or article of
manufacture. In addition to the foregoing, other method
aspects are described in the claims, drawings, and text form-
ing a part of the disclosure set forth herein.

In one or more various aspects, one or more related systems
may be implemented in machines, compositions of matter, or
manufactures of systems, limited to patentable subject matter
under 35 U.S.C. 101. The one or more related systems may
include, but are not limited to, circuitry and/or programming
for effecting the herein-referenced method aspects. The cir-
cuitry and/or programming may be virtually any combination
of hardware, software, and/or firmware configured to effect
the herein-referenced method aspects depending upon the
design choices of the system designer, and limited to patent-
able subject matter under 35 USC 101.

In one or more various aspects, a system includes, but is not
limited to, means for detecting presence of a plurality of
functional devices within communication range of a wearable
computing device, the communication range being a spatial
volume that includes the wearable computing device and
being externally defined by an enveloping boundary, where
low-power signals transmitted by the wearable computing
device being discernible over background noise within the
enveloping boundary and not discernible over background
noise outside the enveloping boundary, and means for select-
ing, from the plurality of functional devices, one or more
functional devices for providing to the wearable computing
device one or more functionalities. In addition to the forego-
ing, other system aspects are described in the claims, draw-
ings, and text forming a part of the disclosure set forth herein.

In one or more various aspects, a system includes, but is not
limited to, circuitry for detecting presence of a plurality of
functional devices within communication range of a wearable
computing device, the communication range being a spatial
volume that includes the wearable computing device and
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being externally defined by an enveloping boundary, where
low-power signals transmitted by the wearable computing
device being discernible over background noise within the
enveloping boundary and not discernible over background
noise outside the enveloping boundary, and circuitry for
selecting, from the plurality of functional devices, one or
more functional devices for providing to the wearable com-
puting device one or more functionalities. In addition to the
foregoing, other system aspects are described in the claims,
drawings, and text forming a part of the disclosure set forth
herein.

In one or more various aspects, a computer program prod-
uct, comprising a signal bearing non-transitory storage
medium, bearing one or more instructions including, but not
limited to, detecting presence of a plurality of functional
devices within communication range of a wearable comput-
ing device, the communication range being a spatial volume
that includes the wearable computing device and being exter-
nally defined by an enveloping boundary, where low-power
signals transmitted by the wearable computing device being
discernible over background noise within the enveloping
boundary and not discernible over background noise outside
the enveloping boundary, selecting, from the plurality of
functional devices, one or more functional devices for pro-
viding to the wearable computing device one or more func-
tionalities, and selecting, from the plurality of functional
devices, one or more functional devices for providing to the
wearable computing device one or more functionalities. In
addition to the foregoing, other computer program product
aspects are described in the claims, drawings, and text form-
ing a part of the disclosure set forth herein.

In one or more various aspects, a system includes, but is not
limited to, a functional device presence sensing module con-
figured to sense presence of a plurality of functional devices
within communication range of a wearable computing
device, the communication range of the wearable computing
device being a spatial volume that includes the wearable
computing device and being externally defined by an envel-
oping boundary, where low-power signals transmitted by the
wearable computing device being discernible over back-
ground noise within the enveloping boundary and not dis-
cernible over background noise outside the enveloping
boundary; a functional device choosing module configured to
choose, from the plurality of functional devices that were
sensed to be within the communication range of the wearable
computing device, one or more functional devices for provid-
ing to the wearable computing device one or more function-
alities; and a functionality use facilitating module configured
to facilitate the wearable computing device to use the one or
more functionalities provided by the one or more chosen
functional devices.

In addition to the foregoing, various other method and/or
system and/or program product aspects are set forth and
described in the teachings such as text (e.g., claims and/or
detailed description) and/or drawings of the present disclo-
sure.

The foregoing is a summary and thus may contain simpli-
fications, generalizations, inclusions, and/or omissions of
detail; consequently, those skilled in the art will appreciate
that the summary is illustrative only and is NOT intended to
be in any way limiting. Other aspects, features, and advan-
tages of the devices and/or processes and/or other subject
matter described herein will become apparent by reference to
the detailed description, the corresponding drawings, and/or
in the teachings set forth herein.

BRIEF DESCRIPTION OF THE FIGURES

For a more complete understanding of embodiments, ref-
erence now is made to the following descriptions taken in
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connection with the accompanying drawings. The use of the
same symbols in different drawings typically indicates simi-
lar or identical items, unless context dictates otherwise. The
illustrative embodiments described in the detailed descrip-
tion, drawings, and claims are not meant to be limiting. Other
embodiments may be utilized, and other changes may be
made, without departing from the spirit or scope of the subject
matter presented here.

FIG. 1A is ahigh-level block diagram of one perspective of
an example wearable computing device 10* operating in an
exemplary environment 100.

FIG. 1B is a high-level block diagram of another perspec-
tive of the example wearable computing device 10* operating
in the exemplary environment 100.

FIG. 1C is a high-level block diagram of still another
perspective of the example wearable computing device 10*
operating in the exemplary environment 100.

FIG. 1D is a high-level block diagram of yet another per-
spective of the wearable computing device 10* operating in
the exemplary environment 100.

FIG. 2A shows exemplary computing glasses 12 that the
example wearable computing device 10* of FIGS. 1A, 1B,
1C, and 1D may be in the form of in accordance with various
embodiments.

FIG. 2B shows an exemplary computing watch 14 that the
example wearable computing device 10* of FIGS. 1A, 1B,
1C, and 1D may be in the form of in accordance with various
embodiments.

FIG. 3A shows an exemplary Graphical User Interface
(GUI) that may be displayed by the wearable computing
device 10* of FIGS. 1A, 1B, 1C, and 1D.

FIG. 3B shows another exemplary Graphical User Inter-
face (GUI) that may be displayed by the wearable computing
device 10* of FIGS. 1A, 1B, 1C, and 1D.

FIG. 3C shows another exemplary Graphical User Inter-
face (GUI) that may be displayed by the wearable computing
device 10* of FIGS. 1A, 1B, 1C, and 1D.

FIG. 4A shows a block diagram of particular implementa-
tion of the wearable computing device 10* of FIGS. 1A, 1B,
1C, and 1D.

FIG. 4B shows a block diagram of another implementation
of the wearable computing device 10* of FIGS. 1A, 1B, 1C,
and 1D

FIG. 5A shows another perspective of the functional device
presence sensing module 102* of FIGS. 4A and 4B (e.g., the
functional device presence sensing module 102' of FIG. 4A or
the functional device presence sensing module 102" of FIG.
4B) in accordance with various implementations.

FIG. 5B shows another perspective of the functional device
choosing module 104* of FIGS. 4A and 4B (e.g., the func-
tional device choosing module 104' of FIG. 4A or the func-
tional device choosing module 104" of FIG. 4B) in accor-
dance with various implementations.

FIG. 5C shows another perspective of the functionality use
facilitating module 106* of FIGS. 4A and 4B (e.g., the func-
tionality use facilitating module 106' of FIG. 4A or the func-
tionality use facilitating module 106" of FIG. 4B) in accor-
dance with various implementations.

FIG. 6 is a high-level logic flowchart of a process, e.g.,
operational flow 600, according to some embodiments.

FIG. 7A is a high-level logic flowchart of a process depict-
ing alternate implementations of the functional device pres-
ence detecting operation 602 of FIG. 6.

FIG. 7B is a high-level logic flowchart of a process depict-
ing alternate implementations of the functional device pres-
ence detecting operation 602 of FIG. 6.
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FIG. 7C is a high-level logic flowchart of a process depict-
ing alternate implementations of the functional device pres-
ence detecting operation 602 of FIG. 6.

FIG. 7D is a high-level logic flowchart of a process depict-
ing alternate implementations of the functional device pres-
ence detecting operation 602 of FIG. 6.

FIG. 7E is a high-level logic flowchart of a process depict-
ing alternate implementations of the functional device pres-
ence detecting operation 602 of FIG. 6.

FIG. 7F is a high-level logic flowchart of a process depict-
ing alternate implementations of the functional device pres-
ence detecting operation 602 of FIG. 6.

FIG. 7G is a high-level logic flowchart of a process depict-
ing alternate implementations of the functional device pres-
ence detecting operation 602 of FIG. 6.

FIG. 7H is a high-level logic flowchart of a process depict-
ing alternate implementations of the functional device pres-
ence detecting operation 602 of FIG. 6.

FIG. 7] is a high-level logic flowchart of a process depict-
ing alternate implementations of the functional device pres-
ence detecting operation 602 of FIG. 6.

FIG. 7K is a high-level logic flowchart of a process depict-
ing alternate implementations of the functional device pres-
ence detecting operation 602 of FIG. 6.

FIG. 8A is a high-level logic flowchart of a process depict-
ing alternate implementations of the functional device select-
ing operation 604 of FIG. 6.

FIG. 8B is a high-level logic flowchart of a process depict-
ing alternate implementations of the functional device select-
ing operation 604 of FIG. 6.

FIG. 8C is a high-level logic flowchart of a process depict-
ing alternate implementations of the functional device select-
ing operation 604 of FIG. 6.

FIG. 9 is another high-level logic flowchart of another
process, e.g., operational flow 900, according to some
embodiments.

FIG. 10A is a high-level logic flowchart of a process
depicting alternate implementations of the functionality use
facilitating operation 906 of FIG. 9.

FIG. 10B is ahigh-level logic flowchart of a process depict-
ing alternate implementations of the functionality use facili-
tating operation 906 of FIG. 9.

FIG. 10C is ahigh-level logic flowchart of a process depict-
ing alternate implementations of the functionality use facili-
tating operation 906 of FIG. 9.

DETAILED DESCRIPTION

In the following detailed description, reference is made to
the accompanying drawings, which form a part hereof. In the
drawings, similar symbols typically identify similar or iden-
tical components or items, unless context dictates otherwise.
The illustrative embodiments described in the detailed
description, drawings, and claims are not meant to be limit-
ing. Other embodiments may be utilized, and other changes
may be made, without departing from the spirit or scope of the
subject matter presented here.

Thus, in accordance with various embodiments, computa-
tionally implemented methods, systems, circuitry, articles of
manufacture, ordered chains of matter, and computer pro-
gram products are designed to, among other things, provide
one or more wearable computing devices for the environment
illustrated in FIG. 1.

The claims, description, and drawings of this application
may describe one or more of the instant technologies in opera-
tional/functional language, for example as a set of operations
to be performed by a computer. Such operational/functional
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description in most instances would be understood by one
skilled the art as specifically-configured hardware (e.g.,
because a general purpose computer in effect becomes a
special purpose computer once it is programmed to perform
particular functions pursuant to instructions from program
software).

Importantly, although the operational/functional descrip-
tions described herein are understandable by the human mind,
they are not abstract ideas of the operations/functions
divorced from computational implementation of those opera-
tions/functions. Rather, the operations/functions represent a
specification for the massively complex computational
machines or other means. As discussed in detail below, the
operational/functional language must be read in its proper
technological context, i.e., as concrete specifications for
physical implementations.

The logical operations/functions described herein are a
distillation of machine specifications or other physical
mechanisms specified by the operations/functions such that
the otherwise inscrutable machine specifications may be
comprehensible to the human mind. The distillation also
allows one of skill in the art to adapt the operational/func-
tional description of the technology across many different
specific vendors” hardware configurations or platforms, with-
out being limited to specific vendors’ hardware configura-
tions or platforms.

Some of the present technical description (e.g., detailed
description, drawings, claims, etc.) may be set forth in terms
oflogical operations/functions. As described in more detail in
the following paragraphs, these logical operations/functions
are not representations of abstract ideas, but rather represen-
tative of static or sequenced specifications of various hard-
ware elements. Differently stated, unless context dictates oth-
erwise, the logical operations/functions will be understood by
those of skill in the art to be representative of static or
sequenced specifications of various hardware elements. This
is true because tools available to one of skill in the art to
implement technical disclosures set forth in operational/func-
tional formats—tools in the form of a high-level program-
ming language (e.g., C, java, visual basic, etc.), or tools in the
form of Very high speed Hardware Description Language
(“VHDL,” which is a language that uses text to describe logic
circuits)—are generators of static or sequenced specifications
of various hardware configurations. This fact is sometimes
obscured by the broad term “software,” but, as shown by the
following explanation, those skilled in the art understand that
what is termed “software” is a shorthand for a massively
complex interchaining/specification of ordered-matter ele-
ments. The term “ordered-matter elements” may refer to
physical components of computation, such as assemblies of
electronic logic gates, molecular computing logic constitu-
ents, quantum computing mechanisms, etc.

For example, a high-level programming language is a pro-
gramming language with strong abstraction, e.g., multiple
levels of abstraction, from the details of the sequential orga-
nizations, states, inputs, outputs, etc., of the machines that a
high-level programming language actually specifies. See,
e.g., Wikipedia, High-level programming language, http://
en.wikipedia.org/wiki/High-level_programming_language
(as of Jun. 5, 2012, 21:00 GMT). In order to facilitate human
comprehension, in many instances, high-level programming
languages resemble or even share symbols with natural lan-
guages. See, e.g., Wikipedia, Natural language, http://en-
-wikipedia.org/wiki/Natural_language (as of Jun. 5, 2012,
21:00 GMT).

It has been argued that because high-level programming
languages use strong abstraction (e.g., that they may resemble
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or share symbols with natural languages), they are therefore a
“purely mental construct” (e.g., that “software”—a computer
program or computer programming—is somehow an inef-
fable mental construct, because at a high level of abstraction,
it can be conceived and understood in the human mind). This
argument has been used to characterize technical description
in the form of functions/operations as somehow “abstract
ideas.” In fact, in technological arts (e.g., the information and
communication technologies) this is not true.

The fact that high-level programming languages use strong
abstraction to facilitate human understanding should not be
taken as an indication that what is expressed is an abstract
idea. In fact, those skilled in the art understand that just the
opposite is true. If a high-level programming language is the
tool used to implement a technical disclosure in the form of
functions/operations, those skilled in the art will recognize
that, far from being abstract, imprecise, “fuzzy,” or “mental”
in any significant semantic sense, such a tool is instead a near
incomprehensibly precise sequential specification of specific
computational machines—the parts of which are built up by
activating/selecting such parts from typically more general
computational machines over time (e.g., clocked time). This
fact is sometimes obscured by the superficial similarities
between high-level programming languages and natural lan-
guages. These superficial similarities also may cause a gloss-
ing over of the fact that high-level programming language
implementations ultimately perform valuable work by creat-
ing/controlling many different computational machines.

The many different computational machines that a high-
level programming language specifies are almost unimagin-
ably complex. At base, the hardware used in the computa-
tional machines typically consists of some type of ordered
matter (e.g., traditional external linking devices (e.g., transis-
tors), deoxyribonucleic acid (DNA), quantum devices,
mechanical switches, optics, fluidics, pneumatics, optical
devices (e.g., optical interference devices), molecules, etc.)
that are arranged to form logic gates. Logic gates are typically
physical devices that may be electrically, mechanically,
chemically, or otherwise driven to change physical state in
order to create a physical reality of Boolean logic.

Logic gates may be arranged to form logic circuits, which
are typically physical devices that may be electrically,
mechanically, chemically, or otherwise driven to create a
physical reality of certain logical functions. Types of logic
circuits include such devices as multiplexers, registers, arith-
metic logic units (ALUs), computer memory, etc., each type
ofwhich may be combined to form yet other types of physical
devices, such as a central processing unit (CPU)—the best
known of which is the microprocessor. A modern micropro-
cessor will often contain more than one hundred million logic
gates in its many logic circuits (and often more than a billion
transistors). See, e.g., Wikipedia, Logic gates, http://en.wiki-
pedia.org/wiki/Logic_gates (as of Jun. 5,2012, 21:03 GMT).

The logic circuits forming the microprocessor are arranged
to provide a microarchitecture that will carry out the instruc-
tions defined by that microprocessor’s defined Instruction Set
Architecture. The Instruction Set Architecture is the part of
the microprocessor architecture related to programming,
including the native data types, instructions, registers,
addressing modes, memory architecture, interrupt and excep-
tion handling, and external Input/Output. See, e.g., Wikipe-
dia, Computer architecture, http://en.wikipedia.org/wiki/
Computer_architecture (as of Jun. 5, 2012, 21:03 GMT).

The Instruction Set Architecture includes a specification of
the machine language that can be used by programmers to
use/control the microprocessor. Since the machine language
instructions are such that they may be executed directly by the
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microprocessor, typically they consist of strings of binary
digits, or bits. For example, a typical machine language
instruction might be many bits long (e.g., 32, 64, or 128 bit
strings are currently common). A typical machine language
instruction might take the form
“11110000101011110000111100111111” (a 32 bit instruc-
tion).

It is significant here that, although the machine language
instructions are written as sequences of binary digits, in actu-
ality those binary digits specify physical reality. For example,
if certain semiconductors are used to make the operations of
Boolean logic a physical reality, the apparently mathematical
bits “1” and “0” in a machine language instruction actually
constitute shorthand that specifies the application of specific
voltages to specific wires. For example, in some semiconduc-
tor technologies, the binary number “1” (e.g., logical “1”) in
a machine language instruction specifies around +5 volts
applied to a specific “wire” (e.g., metallic traces on a printed
circuit board) and the binary number “0” (e.g., logical “0”) in
a machine language instruction specifies around -5 volts
applied to a specific “wire.” In addition to specifying voltages
of the machines’ configuration, such machine language
instructions also select out and activate specific groupings of
logic gates from the millions of logic gates of the more gen-
eral machine. Thus, far from abstract mathematical expres-
sions, machine language instruction programs, even though
written as a string of zeros and ones, specify many, many
constructed physical machines or physical machine states.

Machine language is typically incomprehensible by most
humans (e.g., the above example was just ONE instruction,
and some personal computers execute more than two billion
instructions every second). See, e.g., Wikipedia, Instructions
per second, http://en.wikipedia.org/wiki/Instructions_per-
_second (as of Jun. 5, 2012, 21:04 GMT). Thus, programs
written in machine language—which may be tens of millions
of machine language instructions long—are incomprehen-
sible. In view of this, early assembly languages were devel-
oped that used mnemonic codes to refer to machine language
instructions, rather than using the machine language instruc-
tions’ numeric values directly (e.g., for performing a multi-
plication operation, programmers coded the abbreviation
“mult,” which represents the binary number “011000” in
MIPS machine code). While assembly languages were ini-
tially a great aid to humans controlling the microprocessors to
perform work, in time the complexity of the work that needed
to be done by the humans outstripped the ability of humans to
control the microprocessors using merely assembly lan-
guages.

At this point, it was noted that the same tasks needed to be
done over and over, and the machine language necessary to do
those repetitive tasks was the same. In view of this, compilers
were created. A compiler is a device that takes a statement that
is more comprehensible to a human than either machine or
assembly language, such as “add 2+2 and output the result,”
and translates that human understandable statement into a
complicated, tedious, and immense machine language code
(e.g., millions of 32, 64, or 128 bit length strings). Compilers
thus translate high-level programming language into machine
language.

This compiled machine language, as described above, is
then used as the technical specification which sequentially
constructs and causes the interoperation of many different
computational machines such that humanly useful, tangible,
and concrete work is done. For example, as indicated above,
such machine language—the compiled version of the higher-
level language—functions as a technical specification which
selects out hardware logic gates, specifies voltage levels,
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voltage transition timings, etc., such that the humanly useful
work is accomplished by the hardware.

Thus, a functional/operational technical description, when
viewed by one of skill in the art, is far from an abstract idea.
Rather, such a functional/operational technical description,
when understood through the tools available in the art such as
those just described, is instead understood to be a humanly
understandable representation of a hardware specification,
the complexity and specificity of which far exceeds the com-
prehension of most any one human. With this in mind, those
skilled in the art will understand that any such operational/
functional technical descriptions—in view of the disclosures
herein and the knowledge of those skilled in the art—may be
understood as operations made into physical reality by (a) one
or more interchained physical machines, (b) interchained
logic gates configured to create one or more physical machine
(s) representative of sequential/combinatorial logic(s), (c)
interchained ordered matter making up logic gates (e.g., inter-
chained electronic devices (e.g., transistors), DNA, quantum
devices, mechanical switches, optics, fluidics, pneumatics,
molecules, etc.) that create physical reality representative of
logic(s), or (d) virtually any combination of the foregoing.
Indeed, any physical object which has a stable, measurable,
and changeable state may be used to construct a machine
based on the above technical description. Charles Babbage,
for example, constructed the first computer out of wood and
powered by cranking a handle.

Thus, far from being understood as an abstract idea, those
skilled in the art will recognize a functional/operational tech-
nical description as a humanly-understandable representation
of one or more almost unimaginably complex and time
sequenced hardware instantiations. The fact that functional/
operational technical descriptions might lend themselves
readily to high-level computing languages (or high-level
block diagrams for that matter) that share some words, struc-
tures, phrases, etc. with natural language simply cannot be
taken as an indication that such functional/operational tech-
nical descriptions are abstract ideas, or mere expressions of
abstract ideas. In fact, as outlined herein, in the technological
arts this is simply not true. When viewed through the tools
available to those of skill in the art, such functional/opera-
tional technical descriptions are seen as specifying hardware
configurations of almost unimaginable complexity.

As outlined above, the reason for the use of functional/
operational technical descriptions is at least twofold. First,
the use of functional/operational technical descriptions
allows near-infinitely complex machines and machine opera-
tions arising from interchained hardware elements to be
described in a manner that the human mind can process (e.g.,
by mimicking natural language and logical narrative flow).
Second, the use of functional/operational technical descrip-
tions assists the person of skill in the art in understanding the
described subject matter by providing a description that is
more or less independent of any specific vendor’s piece(s) of
hardware.

The use of functional/operational technical descriptions
assists the person of skill in the art in understanding the
described subject matter since, as is evident from the above
discussion, one could easily, although not quickly, transcribe
the technical descriptions set forth in this document as tril-
lions of ones and zeroes, billions of single lines of assembly-
level machine code, millions of logic gates, thousands of gate
arrays, or any number of intermediate levels of abstractions.
However, if any such low-level technical descriptions were to
replace the present technical description, a person of skill in
the art could encounter undue difficulty in implementing the
disclosure, because such a low-level technical description
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would likely add complexity without a corresponding benefit
(e.g., by describing the subject matter utilizing the conven-
tions of one or more vendor-specific pieces of hardware).
Thus, the use of functional/operational technical descriptions
assists those of skill in the art by separating the technical
descriptions from the conventions of any vendor-specific
piece of hardware.

In view of the foregoing, the logical operations/functions
set forth in the present technical description are representative
of static or sequenced specifications of various ordered-mat-
ter elements, in order that such specifications may be com-
prehensible to the human mind and adaptable to create many
various hardware configurations. The logical operations/
functions disclosed herein should be treated as such, and
should not be disparagingly characterized as abstract ideas
merely because the specifications they represent are pre-
sented in a manner that one of skill in the art can readily
understand and apply in a manner independent of a specific
vendor’s hardware implementation.

Those having skill in the art will recognize that the state of
the art has progressed to the point where there is little distinc-
tion left between hardware, software, and/or firmware imple-
mentations of aspects of systems; the use of hardware, soft-
ware, and/or firmware is generally (but not always, in that in
certain contexts the choice between hardware and software
can become significant) a design choice representing cost vs.
efficiency tradeoffs. Those having skill in the art will appre-
ciate that there are various vehicles by which processes and/or
systems and/or other technologies described herein can be
effected (e.g., hardware, software, and/or firmware), and that
the preferred vehicle will vary with the context in which the
processes and/or systems and/or other technologies are
deployed. For example, if an implementer determines that
speed and accuracy are paramount, the implementer may opt
for a mainly hardware and/or firmware vehicle; alternatively,
if flexibility is paramount, the implementer may opt for a
mainly software implementation; or, yet again alternatively,
the implementer may opt for some combination of hardware,
software, and/or firmware in one or more machines, compo-
sitions of matter, and articles of manufacture, limited to pat-
entable subject matter under 35 USC 101. Hence, there are
several possible vehicles by which the processes and/or
devices and/or other technologies described herein may be
effected, none of which is inherently superior to the other in
that any vehicle to be utilized is a choice dependent upon the
context in which the vehicle will be deployed and the specific
concerns (e.g., speed, flexibility, or predictability) of the
implementer, any of which may vary. Those skilled in the art
will recognize that optical aspects of implementations will
typically employ optically-oriented hardware, software, and
or firmware.

In some implementations described herein, logic and simi-
lar implementations may include software or other control
structures. Electronic circuitry, for example, may have one or
more paths of electrical current constructed and arranged to
implement various functions as described herein. In some
implementations, one or more media may be configured to
bear a device-detectable implementation when such media
holds or transmits device detectable instructions operable to
perform as described herein. In some variants, for example,
implementations may include an update or modification of
existing software or firmware, or of gate arrays or program-
mable hardware, such as by performing a reception of or a
transmission of one or more instructions in relation to one or
more operations described herein. Alternatively or addition-
ally, in some variants, an implementation may include spe-
cial-purpose hardware, software, firmware components, and/
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or general-purpose components executing or otherwise
invoking special-purpose components. Specifications or
other implementations may be transmitted by one or more
instances of tangible transmission media as described herein,
optionally by packet transmission or otherwise by passing
through distributed media at various times.

Alternatively or additionally, implementations may
include executing a special-purpose instruction sequence or
invoking circuitry for enabling, triggering, coordinating,
requesting, or otherwise causing one or more occurrences of
virtually any functional operations described herein. In some
variants, operational or other logical descriptions herein may
be expressed as source code and compiled or otherwise
invoked as an executable instruction sequence. In some con-
texts, for example, implementations may be provided, in
whole or in part, by source code, such as C++, or other code
sequences. In other implementations, source or other code
implementation, using commercially available and/or tech-
niques in the art, may be compiled/implemented/translated/
converted into a high-level descriptor language (e.g., initially
implementing described technologies in C or C++ program-
ming language and thereafter converting the programming
language implementation into a logic-synthesizable language
implementation, a hardware description language implemen-
tation, a hardware design simulation implementation, and/or
other such similar mode(s) of expression). For example, some
or all of a logical expression (e.g., computer programming
language implementation) may be manifested as a Verilog-
type hardware description (e.g., via Hardware Description
Language (HDL) and/or Very High Speed Integrated Circuit
Hardware Descriptor Language (VHDL)) or other circuitry
model which may then be used to create a physical imple-
mentation having hardware (e.g., an Application Specific
Integrated Circuit). Those skilled in the art will recognize
how to obtain, configure, and optimize suitable transmission
or computational elements, material supplies, actuators, or
other structures in light of these teachings.

Those skilled in the art will recognize that it is common
within the art to implement devices and/or processes and/or
systems, and thereafter use engineering and/or other practices
to integrate such implemented devices and/or processes and/
or systems into more comprehensive devices and/or pro-
cesses and/or systems. That is, at least a portion of the devices
and/or processes and/or systems described herein can be inte-
grated into other devices and/or processes and/or systems via
a reasonable amount of experimentation. Those having skill
in the art will recognize that examples of such other devices
and/or processes and/or systems might include—as appropri-
ate to context and application—all or part of devices and/or
processes and/or systems of (a) an air conveyance (e.g., an
airplane, rocket, helicopter, etc.), (b) a ground conveyance
(e.g., a car, truck, locomotive, tank, armored personnel car-
rier, etc.), (¢) abuilding (e.g., a home, warehouse, office, etc.),
(d) an appliance (e.g., a refrigerator, a washing machine, a
dryer, etc.), (¢) a communications system (e.g., a networked
system, a telephone system, a Voice over IP system, etc.), (f)
a business entity (e.g., an Internet Service Provider (ISP)
entity such as Comcast Cable, Qwest, Southwestern Bell,
etc.), or (g) a wired/wireless services entity (e.g., Sprint,
Cingular, Nextel, etc.), etc.

In certain cases, use of a system or method may occur in a
territory even if components are located outside the territory.
For example, in a distributed computing context, use of a
distributed computing system may occur in a territory even
though parts of the system may be located outside of the
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territory (e.g., relay, server, processor, signal-bearing
medium, transmitting computer, receiving computer, etc.
located outside the territory).

A sale of a system or method may likewise occur in a
territory even if components of the system or method are
located and/or used outside the territory. Further, implemen-
tation of at least part of a system for performing a method in
one territory does not preclude use of the system in another
territory

In a general sense, those skilled in the art will recognize
that the various embodiments described herein can be imple-
mented, individually and/or collectively, by various types of
electro-mechanical systems having a wide range of electrical
components such as hardware, software, firmware, and/or
virtually any combination thereof, limited to patentable sub-
ject matter under 35 U.S.C. 101; and a wide range of compo-
nents that may impart mechanical force or motion such as
rigid bodies, spring or torsional bodies, hydraulics, electro-
magnetically actuated devices, and/or virtually any combina-
tion thereof. Consequently, as used herein, “electro-mechani-
cal system” includes, but is not limited to, electrical circuitry
operably coupled with a transducer (e.g., an actuator, a motor,
a piezoelectric crystal, a Micro Electro Mechanical System
(MEMS), etc.), electrical circuitry having at least one discrete
electrical circuit, electrical circuitry having at least one inte-
grated circuit, electrical circuitry having at least one applica-
tion specific integrated circuit, electrical circuitry forming a
general purpose computing device configured by a computer
program (e.g., a general purpose computer configured by a
computer program which at least partially carries out pro-
cesses and/or devices described herein, or a microprocessor
configured by a computer program which at least partially
carries out processes and/or devices described herein), elec-
trical circuitry forming a memory device (e.g., forms of
memory (e.g., random access, flash, read only, etc.)), electri-
cal circuitry forming a communications device (e.g., a
modem, communications switch, optical-electrical equip-
ment, etc.), and/or any non-electrical analog thereto, such as
optical or other analogs (e.g., graphene based circuitry).
Those skilled in the art will also appreciate that examples of
electro-mechanical systems include, but are not limited to, a
variety of consumer electronics systems, medical devices, as
well as other systems such as motorized transport systems,
factory automation systems, security systems, and/or com-
munication/computing systems. Those skilled in the art will
recognize that electro-mechanical as used herein is not nec-
essarily limited to a system that has both electrical and
mechanical actuation except as context may dictate other-
wise.

In a general sense, those skilled in the art will recognize
that the various aspects described herein which can be imple-
mented, individually and/or collectively, by a wide range of
hardware, software, firmware, and/or any combination
thereof can be viewed as being composed of various types of
“electrical circuitry.” Consequently, as used herein “electrical
circuitry” includes, but is not limited to, electrical circuitry
having at least one discrete electrical circuit, electrical cir-
cuitry having at least one integrated circuit, electrical cir-
cuitry having at least one application specific integrated cir-
cuit, electrical circuitry forming a general purpose computing
device configured by a computer program (e.g., a general
purpose computer configured by a computer program which
at least partially carries out processes and/or devices
described herein, or a microprocessor configured by a com-
puter program which at least partially carries out processes
and/or devices described herein), electrical circuitry forming
a memory device (e.g., forms of memory (e.g., random
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access, flash, read only, etc.)), and/or electrical circuitry
forming a communications device (e.g., a modem, commu-
nications switch, optical-electrical equipment, etc.). Those
having skill in the art will recognize that the subject matter
described herein may be implemented in an analog or digital
fashion or some combination thereof.

Those skilled in the art will recognize that at least a portion
of'the devices and/or processes described herein can be inte-
grated into an image processing system. Those having skill in
the art will recognize that a typical image processing system
generally includes one or more of a system unit housing, a
video display device, memory such as volatile or non-volatile
memory, processors such as microprocessors or digital signal
processors, computational entities such as operating systems,
drivers, application programs, one or more interaction
devices (e.g., a touch pad, a touch screen, an antenna, etc.),
and/or control systems including feedback loops and control
motors (e.g., feedback for sensing lens position and/or veloc-
ity; control motors for moving/distorting lenses to give
desired focuses). An image processing system may be imple-
mented utilizing suitable commercially available compo-
nents, such as those typically found in digital still systems
and/or digital motion systems.

Those skilled in the art will recognize that at least a portion
of'the devices and/or processes described herein can be inte-
grated into a data processing system. Those having skill in the
art will recognize that a data processing system generally
includes one or more of a system unit housing, a video display
device, memory such as volatile or non-volatile memory,
processors such as microprocessors or digital signal proces-
sors, computational entities such as operating systems, driv-
ers, graphical user interfaces, and application programs, one
or more interaction devices (e.g., a touch pad, a touch screen,
an antenna, etc.), and/or control systems including feedback
loops and control motors (e.g., feedback for sensing position
and/or velocity; control motors for moving and/or adjusting
components and/or quantities). A data processing system
may be implemented utilizing suitable commercially avail-
able components, such as those typically found in data com-
puting/communication and/or network computing/communi-
cation systems.

Those skilled in the art will recognize that at least a portion
of'the devices and/or processes described herein can be inte-
grated into a mote system. Those having skill in the art will
recognize that a typical mote system generally includes one
or more memories such as volatile or non-volatile memories,
processors such as microprocessors or digital signal proces-
sors, computational entities such as operating systems, user
interfaces, drivers, sensors, actuators, application programs,
one or more interaction devices (e.g., an antenna USB ports,
acoustic ports, etc.), control systems including feedback
loops and control motors (e.g., feedback for sensing or esti-
mating position and/or velocity; control motors for moving
and/or adjusting components and/or quantities). A mote sys-
tem may be implemented utilizing suitable components, such
as those found in mote computing/communication systems.
Specific examples of such components entail such as Intel
Corporation’s and/or Crossbow Corporation’s mote compo-
nents and supporting hardware, software, and/or firmware.

For the purposes of this application, “cloud” computing
may be understood as described in the cloud computing lit-
erature. For example, cloud computing may be methods and/
or systems for the delivery of computational capacity and/or
storage capacity as a service. The “cloud” may refer to one or
more hardware and/or software components that deliver or
assist in the delivery of computational and/or storage capac-
ity, including, but not limited to, one or more of a client, an
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application, a platform, an infrastructure, and/or a server. The
cloud may refer to any of the hardware and/or software asso-
ciated with a client, an application, a platform, an infrastruc-
ture, and/or a server. For example, cloud and cloud computing
may refer to one or more of a computer, a processor, a storage
medium, a router, a switch, a modem, a virtual machine (e.g.,
avirtual server), a data center, an operating system, a middle-
ware, a firmware, a hardware back-end, a software back-end,
and/or a software application. A cloud may refer to a private
cloud, a public cloud, a hybrid cloud, and/or a community
cloud. A cloud may be a shared pool of configurable comput-
ing resources, which may be public, private, semi-private,
distributable, scaleable, flexible, temporary, virtual, and/or
physical. A cloud or cloud service may be delivered over one
or more types of network, e.g., a mobile communication
network, and the Internet.

As used in this application, a cloud or a cloud service may
include one or more of infrastructure-as-a-service (“laaS”),
platform-as-a-service  (“PaaS”),  software-as-a-service
(“SaaS”), and/or desktop-as-a-service (“DaaS”). As a non-
exclusive example, laaS may include, e.g., one or more vir-
tual server instantiations that may start, stop, access, and/or
configure virtual servers and/or storage centers (e.g., provid-
ing one or more processors, storage space, and/or network
resources on-demand, e.g., EMC and Rackspace). PaaS may
include, e.g., one or more software and/or development tools
hosted on an infrastructure (e.g., a computing platform and/or
a solution stack from which the client can create software
interfaces and applications, e.g., Microsoft Azure). SaaS may
include, e.g., software hosted by a service provider and acces-
sible over a network (e.g., the software for the application
and/or the data associated with that software application may
be kept on the network, e.g., Google Apps, SalesForce). DaaS
may include, e.g., providing desktop, applications, data, and/
or services for the user over a network (e.g., providing a
multi-application framework, the applications in the frame-
work, the data associated with the applications, and/or ser-
vices related to the applications and/or the data over the
network, e.g., Citrix). The foregoing is intended to be exem-
plary of the types of systems and/or methods referred to in this
application as “cloud” or “cloud computing” and should not
be considered complete or exhaustive.

One skilled in the art will recognize that the herein
described components (e.g., operations), devices, objects,
and the discussion accompanying them are used as examples
for the sake of conceptual clarity and that various configura-
tion modifications are contemplated. Consequently, as used
herein, the specific exemplars set forth and the accompanying
discussion are intended to be representative of their more
general classes. In general, use of any specific exemplar is
intended to be representative of its class, and the non-inclu-
sion of specific components (e.g., operations), devices, and
objects should not be taken as limiting.

The herein described subject matter sometimes illustrates
different components contained within, or connected with,
different other components. It is to be understood that such
depicted architectures are merely exemplary, and that in fact
many other architectures may be implemented which achieve
the same functionality. In a conceptual sense, any arrange-
ment of components to achieve the same functionality is
effectively “associated” such that the desired functionality is
achieved. Hence, any two components herein combined to
achieve a particular functionality can be seen as “associated
with” each other such that the desired functionality is
achieved, irrespective of architectures or intermedial compo-
nents. Likewise, any two components so associated can also
be viewed as being “operably connected” or “operably
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coupled” to each other to achieve the desired functionality,
and any two components capable of being so associated can
also be viewed as being “operably couplable” to each other to
achieve the desired functionality. Specific examples of oper-
ably couplable include, but are not limited, to physically
mateable and/or physically interacting components, and/or
wirelessly interactable, and/or wirelessly interacting compo-
nents, and/or logically interacting, and/or logically inter-
actable components.

To the extent that formal outline headings are present in
this application, it is to be understood that the outline head-
ings are for presentation purposes, and that different types of
subject matter may be discussed throughout the application
(e.g., device(s)/structure(s) may be described under process
(es)/operations heading(s) and/or process(es)/operations may
be discussed under structure(s)/process(es) headings and/or
descriptions of single topics may span two or more topic
headings). Hence, any use of formal outline headings in this
application is for presentation purposes, and is not intended to
be in any way limiting.

Throughout this application, examples and lists are given,
with parentheses, the abbreviation “e.g.,” or both. Unless
explicitly otherwise stated, these examples and lists are
merely exemplary and are non-exhaustive. In most cases, it
would be prohibitive to list every example and every combi-
nation. Thus, smaller, illustrative lists and examples are used,
with focus on imparting understanding of the claim terms
rather than limiting the scope of such terms.

With respect to the use of substantially any plural and/or
singular terms herein, those having skill in the art can trans-
late from the plural to the singular and/or from the singular to
the plural as is appropriate to the context and/or application.
The various singular/plural permutations are not expressly set
forth herein for sake of clarity.

One skilled in the art will recognize that the herein
described components (e.g., operations), devices, objects,
and the discussion accompanying them are used as examples
for the sake of conceptual clarity and that various configura-
tion modifications are contemplated. Consequently, as used
herein, the specific exemplars set forth and the accompanying
discussion are intended to be representative of their more
general classes. In general, use of any specific exemplar is
intended to be representative of its class, and the non-inclu-
sion of specific components (e.g., operations), devices, and
objects should not be taken as limiting.

Although one or more users may be shown and/or
described herein as a single illustrated figure, those skilled in
the art will appreciate that one or more users may be repre-
sentative of one or more human users, robotic users (e.g.,
computational entity), and/or substantially any combination
thereof (e.g., a user may be assisted by one or more robotic
agents) unless context dictates otherwise. Those skilled in the
art will appreciate that, in general, the same may be said of
“sender” and/or other entity-oriented terms as such terms are
used herein unless context dictates otherwise.

In some instances, one or more components may be
referred to herein as “configured to,” “configured by,” “con-
figurable to,” “operable/operative to,” “adapted/adaptable,”
“able to,” “‘conformable/conformed to,” etc. Those skilled in
the art will recognize that such terms (e.g. “configured to”)
generally encompass active-state components and/or inac-
tive-state components and/or standby-state components,
unless context requires otherwise.

In the following detailed description, reference is made to
the accompanying drawings, which form a part hereof. In the
drawings, similar symbols typically identify similar or iden-
tical components or items, unless context dictates otherwise.
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The illustrative embodiments described in the detailed
description, drawings, and claims are not meant to be limit-
ing. Other embodiments may be utilized, and other changes
may be made, without departing from the spirit or scope of the
subject matter presented here.

The rapid advancement and miniaturization of integrated
circuitry and microelectronics over the last three decades
have greatly facilitated those in the mobile computing indus-
try to develop functionally powerful computing/communica-
tion devices, from the original clunky brick-sized portable
telephones to today’s sleek cellular telephones and Smart-
phones, and from yesterday’s bulky laptops to today’s slim
tablet computers and e-readers. One recent trend in the evo-
Iution of mobile computing is the development of wearable
computing devices. That is, there are currently multiple
efforts by various high-tech groups to develop computing/
communication devices in the form of wearable computing
devices. Such devices having very small form-factors that are
designed to be worn by people and that will supposedly be
able to provide various functionalities beyond simple time/
chronograph functionalities including, for example, at least
some communication capabilities (e.g., connectivity to Wi-Fi
or cellular networks) and capabilities for executing applica-
tions (e.g., software programs). Examples of such wearable
computing devices include, for example, augmented reality
(AR) devices having the form of glasses or goggles (herein
“computing glasses”), and computerized watches (herein
“computing watches” or “Smartwatches™)

Although the recent advancements in the fields of inte-
grated circuitry and microelectronics (e.g., microprocessors)
make the eventual implementation of wearable computing
devices a likely inevitability, developers of such devices still
face a number of hurdles that may prevent such devices from
being able to provide the same type of functionalities that
larger mobile devices (e.g., Smartphones, tablet computers,
and so forth) can provide. One of the problems faced by
developers of wearable computing devices is to try to cram
into such small form-factor devices all of the components that
may be necessary in order to provide the same functionalities
provided by larger mobile devices. That is, because a wear-
able computing device (e.g., an AR device or a Smartwatch)
is designed to be worn by a user, it is generally preferable that
such devices have relatively small form-factors and be rela-
tively lightweight. As a result, such a device may only accom-
modate a small and/or limited number of core components
including a power storage device (e.g., battery) that is rela-
tively small (and as a result, with limited power storage capa-
bilities) and light, and a relatively small communication sys-
tem (e.g., a communication system that employs a small
and/or limited number of antennas).

For example, and in contrast, larger mobile devices such as
Smartphones and tablet computers typically have multiple
antennas for various functionalities including, for example,
an antenna for global positioning system (GPS), an antenna
for Wi-Fi connectivity, and an antenna for cellular network
connectivity. It may not be practical, if not impossible, to
include multiple antennas into a small form-factor wearable
computing device such as a computing watch or computing
glasses. Also, because such wearable computing devices will
be located somewhere on or adjacent to the body of a user, it
will be generally desirable to employ a communication sys-
tem that emits relatively low electromagnetic radiation at
least towards the user’s body.

In various embodiments, systems, articles of manufacture
and methods are provided herein that allow a wearable com-
puting device to have an extremely small form-factor while
providing the same type functionalities that are available
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through larger mobile computing devices (e.g., Smartphones,
tablet computers, and so forth). However, in order to mini-
mize the size of its communication components (e.g., a rela-
tively small antenna) and to minimize power consumption
requirements during communication operations, the wear-
able computing device in accordance with various embodi-
ments may include communication components that have
very limited communication range. In various embodiments,
a “wearable computing device” may be a computing device
designed to be coupled to at least a portion (e.g., a limb or
head) of a user and that has a relatively small form factor so
that it can be comfortably worn by the user. Examples of a
wearable computing device include, for example, a comput-
ing watch or computing glasses/goggles (e.g., augmented
reality device or simply “AR” device). These wearable com-
puting devices may include one or more components (e.g.,
eyeglass frame or wristband, or a clip to couple to a frame of
apair of glasses or a pin to couple to a wristband) to facilitate
coupling the wearable computing device to at least a portion
of'auser’s body.

In order to provide the same or similar functionalities pro-
vided by larger mobile devices (e.g. Smartphones, tablet
computers, and so forth), the wearable computing device, in
accordance with various embodiments, may be designed to
“borrow” various functionalities from one or more nearby
“functional devices” (e.g., Smartphones, tablet computers,
workstations, access points, other wearable computing
devices, and so forth) that are near the wearable computing
device within the limited communication range of the wear-
able computing device. Various types of functionalities may
be borrowed by a wearable computing device from nearby
functional devices including, for example, communication
links to beyond the limited communication range of the wear-
able computing device, sensor functionalities (e.g., GPS
functionalities, audio and/or visual sensor functionalities,
movement sensor functionalities, and so forth), application
functionalities, and so forth. In various embodiments, and for
purposes of the following description, a functional device
may be a computing/communication device that is located
within the limited communication range of the wearable com-
puting device and that is designed to communicate with the
wearable computing device as well as to be able to provide
one or more functionalities to the wearable computing device.
The “communication range” of a wearable computing device
may be, for example, a spatial volume that includes the wear-
able computing device and being externally defined by an
enveloping boundary, where low-power signals (e.g., wire-
less signals transmitted with less than 0.8 milliwatt of trans-
mit power) transmitted by the wearable computing device
being discernible over background noise within the envelop-
ing boundary and not discernible over background noise out-
side the enveloping boundary.

In order to minimize the power requirements for commu-
nicating with nearby functional devices, in some embodi-
ments the wearable computing device may be designed to
communicate with the nearby external linking devices using
a directional antenna, such as a metamaterial antenna, to
transmit low-power signals (e.g., less than 1 milliwatt of
transmit power). For these embodiments, the employment of
a directional antenna rather than other types of antennas (e.g.,
omnidirectional antenna) to communicate with nearby func-
tional devices may provide certain advantages including
reducing power requirements for communicating with the
nearby functional devices and minimizing the amount of
electromagnetic (EM) radiation that the user of the wearable
computing device may be exposed to by directing EM radia-
tion away from the user.
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It is contemplated that there may be many cases in which
multiple functional devices that provide the same functional-
ities are found to be within the limited communication range
of'the wearable computing device. For example, there may be
instances in which multiple functional devices are found to be
within the communication range of a wearable computing
device and that can provide to the wearable computing device
the ability to communicate (e.g., via Wi-Fi links or cellular
network links) beyond the communication range of the wear-
able computing device. In such situations, it may be desirable
to be able to intelligently select, from the plurality of nearby
functional devices that provides the same specific function-
ality (e.g., Wi-Fi links or cellular network links), at least one
of the nearby functional devices for providing the specific
functionality to the wearable computing device.

In various embodiments, the systems, articles of manufac-
ture and methods may be designed to, among other things,
detect presence of a plurality of functional devices within
communication range of a wearable computing device, the
communication range being a spatial volume that includes the
wearable computing device and being externally defined by
an enveloping boundary, where low-power signals transmit-
ted by the wearable computing device being discernible over
background noise within the enveloping boundary and not
discernible over background noise outside the enveloping
boundary; and select, from the plurality of functional devices
that were detected as being present within the communication
range of the wearable computing device, one or more func-
tional devices for providing to the wearable computing device
one or more functionalities.

Referring now to FIG. 1A, which is a block diagram of a
wearable computing device 10* operating in an exemplary
environment 100 in accordance with various embodiments.
For ease of illustration and in order to facilitate understanding
of various concepts to be introduced herein, the user (e.g.,
person) who is wearing/using the wearable computing device
10* while the wearable computing device 10* is operating
will not be depicted in FIG. 1A (as well as FIGS. 1B, 1C, and
1D) even though the wearable computing device 10* may be
actually designed to operate while being worn by a user. Note
that in the following, “*” represents a wildcard. Thus, refer-
ences in the following description to, for example, “wearable
computing device 10*” may be in reference to the example
wearable computing device 10* of FIG. 1A, as well as to the
example wearable computing device 10' of FIG. 4A or to the
wearable computing device 10" of FIG. 4B, which are two
different implementations of the wearable computing device
10* of FIG. 1A (as well as of FIGS. 1B, 1C, and 1D).

Intheillustrated environment 100, the wearable computing
device 10* may employ a directional antenna or an omnidi-
rectional antenna (e.g., antenna 130 in FIGS. 4A and 4B) in
order to communicate with one or more functional devices
20* (e.g., functional device 20aq, functional device 205, and/
or functional device 20c¢). If the wearable computing device
10* employs an omnidirectional antenna, then the process for
communicating with the one or more functional devices 20*
by the wearable computing device 10* is more straightfor-
ward—by simply making sure that the transmit power of the
signals transmitted by the wearable computing device 10* is
sufficiently high enough to ensure that the signals transmitted
by the wearable computing device 10* reach the one or more
functional devices 20*. If the wearable computing device
10*, on the other hand, employs a directional antenna such as
metamaterial antenna, then the wearable computing device
10* may only communicate with the one or more functional
devices 20* by pointing the directional antenna to different
portions of the environment 100. In particular, the wearable
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computing device 10* may communicate with the various
functional devices 20* by moving/adjusting the field of
regard/beam 60* (e.g., FIG. 1A shows a first field of regard/
beam 60q and a second field of regard/beam 605 as a result of
pointing the directional antenna at different directions) of the
directional antenna of the wearable computing device 10* to
scan the surrounding environment 100.

By convention, “field of regard” is sometimes used herein
when describing an example wherein a directional antenna is
likely to receive a signal while a “beam” is used herein when
describing an example wherein a directional antenna is likely
to transmit a signal. That is, a directional antenna when trans-
mitting signals (e.g., transmitting electromagnetic radiation)
will transmit the signals primarily towards one direction thus
having greater gain then, for example, multi-directional
antennas such as omnidirectional antennas or isotropic radia-
tors (note that a gain is a measure of how much of the power
is radiated in a given direction relative to other directions).
The narrower the beamwidth of the emitted radiation, the
greater the gain. When the same directional antenna is in
receiving mode, it may be able to receive signals from the
same direction that the directional antenna primarily radiates
signals to. Thus, references in the following to “pointing the
directional antenna” or similar such phrases may be in refer-
ence to steering or directing the field of regard/beam of the
directional antenna to different portions of the surrounding
environment. A more detailed discussion related to the “field
ofregard” and “beam” is provided in U.S. Pat. No. 7,929,914,
which is hereby incorporated by reference.

In order to communicate with the one or more functional
devices 20* of FIG. 1A, the wearable computing device 10*
may transmit one or more low-power signals 70 with limited
transmission range (e.g., less than 30 or 40 feet) using a
directional antenna (or an omnidirectional antenna). The
range of the low-power signals 70 may define a communica-
tion range 50 that surrounds the wearable computing device
10*. From another perspective, the communication range 50
of the wearable computing device 10* may be a spatial vol-
ume that includes the wearable computing device 10* and
that is externally defined by an enveloping boundary 52,
where low-power signals 70 transmitted via the directional
antenna (or by an omnidirectional antenna) being discernible
over background noise within the enveloping boundary 52
and not discernible over background noise outside the envel-
oping boundary 52.

In various embodiments, references in the following to
low-power signals may be in reference to wireless signals that
may be transmitted using a directional antenna (or a omnidi-
rectional antenna) with substantially less than 1 milliwatt of
transmit power such as 0.5 milliwatt of transmit power. Note
that the shape of the communication range 50 will not be
spherical in most cases since the size and shape of the com-
munication range 50 will be affected by environmental con-
ditions (e.g., atmospheric conditions) and the presence of
various objects in the environment (e.g., people, walls, chairs,
etc.). FIG. 1A illustrates that functional device 20a and func-
tional device 205 having capability to communicate beyond
the communication range 50 of the wearable computing
device 10* via communication links 90a and 905. The illus-
trated communication links 90a and 906 may be any one or
more of a variety communication channels/links including,
for example, Wireless Fidelity (Wi-Fi) links, cellular network
links, Ethernet, optical communication links, and so forth.

Referring now to FIG. 1B, which illustrates another aspect
of'the wearable computing device 10* operating in the exem-
plary environment 100 of FIG. 1A in accordance with various
embodiments. In FIG. 1B, the wearable computing device



US 9,167,376 B2

21

10* is illustrated as transmitting low-power signals 70* (e.g.,
low-power signals 70a, low-power signals 705, and low-
power signals 70c) at various levels of transmit powers in
order to generate various sizes of communication ranges 50*.
For example, the wearable computing device 10* may ini-
tially transmit one or more low-power signals 70a with a first
transmit power (e.g., 0.1 milliwatt of transmit power) using a
directional or omnidirectional antenna in order to create a first
communication range 50q that surrounds the wearable com-
puting device 10*. Because the first communication range
50q is relatively small, only functional device 205 may be
able to detect the one or more low-power signals 70a trans-
mitted by the wearable computing device 10* and to respond
to it when detected.

In order to increase the size of its communication range
50%*, the wearable computing device 10* may then transmit
one or more low-power signals 705 with a second transmit
power (e.g., 0.2 milliwatt of transmit power) using a direc-
tional or omnidirectional antenna in order to create a second
communication range 505 that surrounds the wearable com-
puting device 10*. Because the second communication range
504 is bigger than the first communication range 50a, both
functional device 20q and functional device 2056 may be able
to detect the one or more low-power signals 705 transmitted
by the wearable computing device 10* and to respond to it
when detected. In order to further increase the size of its
communication range 50*, the wearable computing device
10* may then further transmit one or more low-power signals
70¢ with a third transmit power (e.g., 0.3 milliwatt of transmit
power) using a directional or omnidirectional antenna in
order to create a third communication range 50c¢ that sur-
rounds the wearable computing device 10*. Because the third
communication range 50c¢ is even bigger than the second
communication range 505, functional devices 20a and 205, as
well as functional device 20¢ may be able to detect the one or
more low-power signals 70c¢ transmitted by the wearable
computing device 10* and to respond to such signals when
detected.

There are at least two ways to determine whether there are
any functional devices 20* within a communication range|s]
50* of the wearable computing device 10* and/or which
functional devices 20* that are detected within the commu-
nicationrange 50* ofthe wearable computing device 10* is or
are nearest to the wearable computing device 10* (e.g., which
functional devices 20* require the least or less power to
communicate with by the wearable computing device 10%*).
The first possible way is to measure the signal strengths of
beacon signals received by the wearable computing device
10* and transmitted by each of the functional devices 20%*.
That is, if each of the functional devices 20* transmits beacon
signals that were originally transmitted with known transmit
power or powers, then by detecting the signal strengths of the
beacon signals upon being received by the wearable comput-
ing device 10%*, a determination can be made as to which of
the functional devices 20* are in the communication range
50* of the wearable computing device 10* (e.g., within the
communication range of the wearable computing device 10%*)
and/or which of the functional devices 20* are nearest to the
wearable computing device 10* (as well as the amount of
power needed by the wearable computing device 10* in order
to communicate with such devices). That is, the amount of
transmit power needed by the wearable computing device 10*
in order to communicate with the one or more functional
devices 20* may be determined based on the detected signal
strengths of the beacon signals received by the wearable
computing device 10*. The stronger the signal strength of the
beacon signals received by the wearable computing device
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10* (which suggests that the functional device[s] 20* that
transmitted the beacon signals are relatively close), the less
transmit power will be needed by the wearable computing
device 10* in order to successfully communicate with the
functional device[s] 20* that transmitted the beacon signals.

A second way of determining which functional devices 20*
are within communication range[s]| 50* of'the wearable com-
puting device 10* and/or which of the functional devices 20*
that are detected near the wearable computing device 10* are
nearest to the wearable computing device 10* is by having the
wearable computing device 10* to transmit one or more low-
power “prompting” signals at various levels of low transmis-
sion power and wait to see if any of the functional devices 20*
respond to the prompting signals after each transmission of
the prompting signals at each level of low transmission
power. For example, the wearable computing device 10* may
initially transmit first prompting signals at a very low transmit
power (0.1 milliwatt of transmit power) that are designed to,
upon being received/detected by a functional device 20%,
prompt the functional device 20* that detects the first prompt-
ing signals to transmit back to the wearable computing device
10* one or more “responsive” signals. After the transmission
of'the first prompting signals, the wearable computing device
10* may monitor for the one or more responsive signals in
order to determine whether any functional devices 20* are
nearby.

If the wearable computing device 10* does not detect any
responsive signals from a functional device 20* and/or if
there is a need to find more functional devices 20* (that may
be further away from the wearable computing device 10%*)
then the wearable computing device 10* may repeat the
above process by transmitting a second prompting signal at a
higher transmit power (e.g., 0.2 milliwatt of transmit power)
than the first prompting signal and then monitoring for
responsive signals. This process may then be repeated over
and over again for incrementally higher transmit powers in
order to determine whether there are any functional devices
20* near the wearable computing device 10* within different
communication ranges 50* ofthe wearable computing device
10%*, to determine the amount of power needed to communi-
cate with those functional devices 20* found nearby, and/or to
determine which functional devices 20* are nearest to the
wearable computing device 10* when multiple functional
devices 20* are located nearby. In some cases, this process of
transmitting prompting signals and monitoring for responsive
signals may be part of a handshaking protocol.

In some embodiments, two different processes may be
executed in order for the wearable computing device 10* to
obtain one or more functionalities from one or more func-
tional devices 20* that are located within the communication
range 50* of the wearable computing device 10*. The first
process involves determining whether there are any func-
tional devices 20* located within the communication range
50* of the wearable computing device 10*. If multiple func-
tional devices 20* that provide similar or the same function-
alities are detected within the communication range 50* of
the wearable computing device 10* then a second process
may be implemented that selects, from the multiple func-
tional devices 20* detected within the communication range
50* of the wearable computing device 10*, one or more
functional devices 20* for providing to the wearable comput-
ing device 10* one or more functionalities. Various criteria
may be used in order to select which of the plurality of
functional devices 20* that were detected as being within the
communication range 50* of the wearable computing device
10* should provide the one or more specific functionalities to
the wearable computing device 10*. For example, in some
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cases, the functional device 20* that is determined to be
nearest to the wearable computing device 10* may be
selected in some cases in order to minimize the power
requirements for communicating with such a device. In other
cases, the functional device 20* that provides the highest data
transfer rate may be selected. In yet other cases, the specific
locations of the nearby functional devices 20* may be the
basis for selecting which nearby functional device 20* should
be selected for providing to the wearable computing device
10* one or more specific functionalities. Other factors for
selecting one or more functional devices 20* for providing
one or more functionalities to the wearable computing device
10* will be described in greater detail herein.

FIG. 1C illustrates how the wearable computing device
10* may communicate with a plurality of functional devices
20* that are within the communication range 50d of the
wearable computing device 10*. As described previously, a
communication range 504 of the wearable computing device
10* may be a spatial volume that includes the wearable com-
puting device 10* and that is externally defined (e.g.,
enclosed) by an enveloping boundary 52d, where low-power
signals (e.g., signals transmitted with less than 0.5 or 0.8
milliwatt of transmit power) transmitted via an antenna 130
(e.g., directional or omnidirectional antenna) being discern-
ible over background noise (e.g., noise as a result of back-
ground radiation) within the enveloping boundary 524 and
not discernible over background noise outside the enveloping
boundary 524.

In various embodiments, in order to determine whether
there are a plurality of functional devices 20* (e.g., two or
more functional devices 20*) within the communication
range 50d of the wearable computing device 10%*, the wear-
able computing device 10* through transceiver 118 and an
antenna 130 (see FIG. 4A or 4B) may be controlled or
directed to initially receive or monitor for signals 80 trans-
mitted by the plurality of functional devices 20*. In some
embodiments, the signals 80 that are received by the wearable
computing device 10* may be beacon signals that were trans-
mitted by the plurality of functional devices 20* with known
amounts of transmit powers. In such cases, the signal
strengths of the beacon signals, upon being received by the
wearable computing device 10*, may be ascertained in order
to, among other things, determine whether the plurality of
functional devices 20* are within the communication range
504 of the wearable computing device 10*, to determine the
amount of transmission power needed by the wearable com-
puting device 10* to communicate with each of the plurality
of functional devices 20%, and/or to determine which of the
functional devices 20* are nearest to the wearable computing
device 10* (e.g., requires least amount of power to commu-
nicate with the wearable computing device 10%).

In alternative embodiments, the signals 80 that are received
by the wearable computing device 10* may be responsive
signals that were transmitted by the plurality of functional
devices 20* in response to the plurality of functional devices
20* receiving/detecting one or more low-power prompting
signals 82 (e.g., signals that are designed to prompt functional
devices 20*, upon receiving/detecting the prompting signals,
to transmit responsive signals) broadcasted by the wearable
computing device 10*. In some embodiments, by merely
detecting the responsive signals (e.g., signals 80) transmitted
by the plurality of functional devices 20%*, a determination can
be made that the plurality of functional devices 20* are within
the communication range 504 of the wearable computing
device 10*. If multiple functional devices 20* transmit mul-
tiple responsive signals in response to the one or more low-
power prompting signals 82, then the wearable computing
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device 10* may determine which of the functional devices
20* are nearest to the wearable computing device 10* based
onthe detected signal strengths of the responsive signals (e.g.,
signals 80) received by the wearable computing device 10%*.
Note that shown at the bottom left side of FIG. 1C is one or
more low-power promoting signals 82 that has a range only
up to the edge (e.g., enveloping boundary 524) of the com-
munication range 50d.

In some embodiments, the wearable computing device 10*
(or at least its components such as the transceiver 118) may be
directed (e.g., controlled or instructed) to transmit the one or
more low-power prompting signals 82 at different levels of
transmit powers. The wearable computing device 10* may
also be directed (e.g., controlled, instructed, or configured) to
monitor for responsive signals (e.g., one or more signals 80 of
FIG. 1C) transmitted by a plurality of functional devices 20*
in response to the plurality of functional devices 20* detect-
ing the one or more low-power prompting signals 82 trans-
mitted at varying levels of transmit powers. Such operations
may be executed, in some cases, in order to see which of the
functional devices 20* is or are closest to the wearable com-
puting device 10* based on how the nearby functional devices
20* respond to the prompting signals 82 transmitted by the
wearable computing device 10* at varying transmit powers.
That is, an inference may be made in some cases that those
functional devices 20* that respond to prompting signals 82
that were transmitted by the wearable computing device 10*
at relatively low transmit powers may be closer to the wear-
able computing device 10* (and thus requires less power to
communicate with) than those functional devices 20* that
respond only when the wearable computing device 10* trans-
mits the prompting signals 82 at relatively higher levels of
transmit powers.

In some embodiments, the wearable computing device 10*
(e.g., the components of the wearable computing device 10*)
may be directed (e.g., controlled, instructed, or configured) to
transmit one or more low-power query signals 84 to query
each of a plurality of functional devices 20* that are detected
to be near the wearable computing device 10* (e.g., detected
to be within the communication range 50d of the wearable
computing device 10%*) to provide certain information or con-
firmations that may be useful in determining which functional
device 20* should be used in order to provide to the wearable
computing device 10* one or more functionalities. For
example, in some cases, the low-power query signals 84 that
may be transmitted to the plurality of functional devices 20*
that are detected as being within the communication range
50d of the wearable computing device 10* may be transmit-
ted in order to obtain confirmation (e.g., in the form of one or
more confirmation signals 85) that the functional devices 20*
can provide one or more specific functionalities (e.g., ability
to communicate beyond the communication range 504 of the
wearable computing device 10*, sensor functionalities, and
so forth) that may be sought by the wearable computing
device 10*. If the plurality of nearby functional devices 20*
can confirm that they can indeed provide the one or more
specific functionalities, then in various embodiments the
functional devices 20* may transmit back to the wearable
computing device 10* confirmation signals 85 to confirm the
availability of the one or more specific functionalities through
the functional devices 20*.

Other types of information/confirmations may also be
sought through the low-power query signals 84 as will be
further described herein with respect to the process and
operations to be described herein. For example, in some cases
the low-power query signals 84 may be transmitted to mul-
tiple functional devices 20* in order to, among other things,
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obtain indications of the data transfer rates of the communi-
cation links 90* available through the plurality of functional
devices 20* (e.g., functional devices 20a and 205, which may
also be referred to as “external linking devices” that are
designed to communicate beyond the communication range
50* of the wearable computing device 10*), obtain indica-
tions of the specific types of data (e.g., whether image data of
user’s hand/fingers are available) that may be available
through the functionalities (e.g., sensor functionalities) pro-
vided through the multiple functional devices 20%*, obtain
indications as to when the one or more functionalities that are
available through the multiple functional devices 20* will
actually become available for use by the wearable computing
device 10*, and so forth.

In some embodiments, the above described processes for
detecting presence of a plurality of functional devices 20*
within the communication range 504 of the wearable com-
puting device 10* and the process for determining whether
those functional devices 20* detected as being within the
communication range 504 can provide one or more specific
functionalities can be combined into a single process. That is,
in various alternative embodiments, the wearable computing
device 10* may be directed to broadcast the low-power query
signals 84 and then directed to monitor for confirmation sig-
nals 85 transmitted by a plurality of functional devices 20* in
response to the plurality of functional devices 20* detecting
the low-power query signals 84. If the wearable computing
device 10* detects confirmation signals 85 transmitted by a
plurality of functional devices 20*, then a determination can
be made that the responding functional devices 20* associ-
ated with the confirmation signals 85 are within the commu-
nication range 504 of the wearable computing device 10* as
well as, among other things, confirmation that the responding
functional devices 20* can provide at least access to one or
more specific functionalities.

Turning now to FIG. 1D, which illustrates how the wear-
able computing device 10* may exchange data with one or
more functional devices 20* after the one or more functional
devices 20* have been selected for providing one or more
functionalities to the wearable computing device 10*. In vari-
ous embodiments, and as previous described, each of the one
or more functional devices 20* that are detected being within
the communication range 504 of the wearable computing
device 10* may also be able to provide to the wearable com-
puting device 10* the same functionalities. In order to utilize
the functionalities available through the one or more func-
tional devices 20*, the wearable computing device 10* may,
in some embodiments, transmit to the one or more functional
devices 20* outbound data 86* (e.g., outbound data 86a,
outbound data 865, and/or outbound data 86¢). Alternatively
oradditionally, the wearable computing device 10* in order to
utilize the one or more functionalities may receive inbound
data 87* (e.g., inbound data 87a, inbound data 875, and/or
inbound data 87¢) from the functional devices 20%*.

The outbound data 86* that may be transmitted by the
wearable computing device 10* to the one or more selected
functional devices 20* may include a variety of information/
data in various alternative embodiments. For example, in
various embodiments, the outbound data 86* may include
one or more addresses such as URLs (uniform resource loca-
tors), one or more web-based application commands/re-
quests, one or more electronic messages (e.g., telephone calls,
emails text messages, instant messages, and so forth), and so
forth. The outbound data 86* that may be transmitted by the
wearable computing device 10* may be in the form of one or
more low-power signals 70* (see F1G. 1A or 1B) transmitted
using one or more frequencies from, for example, the 2.4 GHz
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frequency band (e.g., frequency range between 2.400 GHz
and 2.4835 GHz), 5 GHz frequency band (e.g., frequency
range between 5.180 GHz and 5.825 GHz), or 60 GHz fre-
quency band (e.g., frequency range between 57 GHz and 64
GHz).

The inbound data 87* that may be received by the one or
more selected functional devices 20* may also include a
variety of information/data in various alternative embodi-
ments. For example, in various embodiments, the inbound
data 87* may include one or more electronic messages (e.g.,
telephone calls, emails text messages, instant messages, and
so forth), one or more web-based application GUIs (graphical
user interfaces), one or more results of executing one or more
web-based applications, content from consumer media such
asnews or movies, sensor data including visual, audio, and/or
movement data, and so forth. Additional discussions related
to the outbound data 86* and the inbound data 87* will be
provided below with respect to the processes/operations to be
described herein.

FIG. 2A illustrates exemplary computing glasses 12,
which is one form that the wearable computing device 10* of
FIGS.1A,1B,1C, and 1D (as well as FIG. 4A or 4B) may take
on in accordance with various embodiments. The computing
glasses 12, in various embodiments, may be an augmented
reality (AR) system or device. The computing glasses 12 may
comprise a see-through display 202, a camera 204, an elec-
tronic housing 206 (which houses the electronics), and/or a
frame that comprises a right temple piece 208a, a left temple
piece 2084, and a rim 209. The right temple piece 2084 and
the left temple piece 2085 are designed to extend to and wrap
around the ears of the user and to couple the computing
glasses 12 to the head of the user. Note that in alternative
implementations, the wearable computing device 10* may
take on the form of computing goggles rather than computing
glasses 12, where the computing goggles employ a “regular”
display such as a light emitting diode (LED) display rather
than a see-through display 202. Note further that in some
cases, a wearable computing device 10* may comprise
merely the electronic housing 206 and the electronics housed
by the electronic housing 206, the see-through display 202,
the camera 204, and a coupling component such as a clip 207
for coupling to a frame (e.g., the rim 209 and the right temple
piece 208a and the left temple piece 2085). That is, the rim
209 and the right and left temple pieces 208* are optional and
may not necessarily be required in various alternative
embodiments.

FIG. 2B illustrates an exemplary computing watch 14,
which is another form that the wearable computing device
10* of FIGS. 1A, 1B, 1C, and 1D (as well as FIG. 4A or 4B)
may take on in accordance with various embodiments. The
computing watch 14 includes at least a display 210 and a
wristband 212 for wrapping around the wrist/arm of a user
(e.g., coupling with the limb of the user). The display 210 may
be a variety of displays including, for example, an LED dis-
play or liquid crystal display (LCD). In some embodiments,
the wearable computing device 10* may comprise merely the
watch portion of the computing watch 14 without the wrist-
band 212 and one or more coupling components that couples
with the wristband 212 (e.g., the wristband 212 portion of the
computing watch is optional). Note that both forms of the
wearable computing device 10* illustrated, for example, in
FIGS. 2A and 2B (e.g., computing glasses 12 or computing
watch 14) include one or more components (e.g., the right
temple piece 208q, the left temple piece 2085, and the rim 209
of the computing glasses 12, a clip 207 of the computing
glasses 12, or the wristband 212 of the computing watch 14)
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to facilitate coupling the wearable computing device 10* to at
least a portion of a user’s body.

In some embodiments, a wearable computing device 10*
may employ only a single directional antenna 130 (see FIG.
4 A or 4B) that may be used to communicate with one or more
nearby functional devices 20%*. In various embodiments, the
antenna 130 that may be employed may be an omnidirectional
antenna, or alternatively, a directional antenna such as a
metamaterial antenna (see, for example, U.S. Patent Applica-
tion Pub. No. 2012/0194399, which is hereby incorporated by
reference).

In various embodiments, a wearable computing device 10*
may wirelessly communicate with one or more functional
devices 20* that are located within communication range 50*
of the wearable computing device 10* via one or more low-
power wireless signals having one or more frequencies from
at least one of a variety of frequency bands. For example, in
some embodiments, the wearable computing device 10* may
communicate with nearby functional devices 20* via one or
more low-power signals 70* having one or more frequencies
from the 2.4 GHz industrial, scientific and medical (ISM)
frequency band, which has a frequency range from 2.4 GHzto
2.4835 GHz. Alternatively, the wearable computing device
10* may communicate with nearby functional devices 20*
via one or more low-power signals 70* having one or more
frequencies from the S GHz ISM frequency band or the 5 GHz
U-NII (Unlicensed National Information Infrastructure) fre-
quency band with a frequency range between 5.180 GHz and
5.825 GHz. In still other alternative embodiments, the wear-
able computing device 10* may communicate with nearby
functional devices 20* via one or more low-power signals 70*
having one or more frequencies from the 60 GHz band (e.g.,
millimeter waveband or mmWave band with a frequency
range between 57 and 64 GHz (U.S) or between 57 and 66
GHz (Japan and Europe)).

Note that the 60 GHz frequency band provides certain
advantages over the other two frequency bands. For example,
signals from the 60 GHz frequency band tend to attenuate
very quickly in nominal environmental conditions (e.g., gets
easily absorbed by materials, moisture, etc.) and therefore
when used for communicating by a wearable computing
device 10* may cause the communication range 50* of the
wearable computing device 10* to be relatively small (which
may be desirable in some cases in order to avoid overlapping
with adjacent communication ranges of other devices). Fur-
ther, higher data rates are possible using the 60 GHz fre-
quency band rather than the two lower frequency bands (2.4
GHz frequency band and the 5 GHz frequency band).

In various embodiments, a communication range 50* that
envelopes a wearable computing device 10* may be a spatial
volume that includes the wearable computing device 10* and
that is externally defined or enclosed by an enveloping bound-
ary 52%*, where low-power wireless signals generated by the
wearable computing device 10* being discernible over back-
ground noise (e.g., background electromagnetic radiation
noise) within the enveloping boundary 52* and not discern-
ible over background noise outside the enveloping boundary
52%*. In various embodiments, reference in the following to
“low-power signals” may be in reference to wireless signals
that were transmitted using less than 1 milliwatt of transmit-
ting power. In some cases, low-power signals 70* (see FIG.
1A or 1B) may be, for example, wireless signals that were
transmitting with 0.8 milliwatt, 0.5 milliwatt, 0.3 milliwatt, or
less than 0.3 milliwatt of transmit power.

In various embodiments, the low-power signals 70* that
may define the enveloping boundary 52* of a communication
range 50* may be the maximum low-power wireless signals
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that may be allowed to be transmitted by the wearable com-
puting device 10*. That is, in order to keep the size of a
communication range 50* of the wearable computing device
10* relatively small and to keep power consumption rela-
tively low, the logic endowed in the wearable computing
device 10* may restrict the transmission power of wireless
signals transmitted by the wearable computing device 10*.

Turning now to FIGS. 3A, 3B, and 3C, which illustrate
some exemplary graphical user interfaces (GUIs) that the
wearable computing device 10* may present through a dis-
play (e.g., liquid crystal display) when the wearable comput-
ing device 10* is in the form of a computing watch 14.
Turning particularly now to FIG. 3A, which illustrates an
exemplary GUI 300q that includes three icons 304 represent-
ing three different applications that may be available through
the wearable computing device 10*. Note that at least some of
the applications (e.g., browser or email application) that may
be provided through the wearable computing device 10* may
only be available only if the wearable computing device 10*
is able to communicate beyond the communication range 50*
of the wearable computing device 10* via one or more func-
tional devices 20*.

FIG. 3B illustrates an exemplary GUI 3005 that may be
displayed by the wearable computing device 10*. In particu-
lar, the exemplary GUI 3005 includes an icon 3065 that rep-
resents an application (e.g., local weather reporting applica-
tion) and that is being displayed in a first format (e.g., semi-
transparent) that indicates that the application is disabled.
That is, the associated application (e.g., local weather report-
ing application) may be fully executable only if the wearable
computing device 10* has obtained access to communication
links 90* to beyond the communication range 50* of the
wearable computing device 10*. In contrast, the GUI 300¢ of
FIG. 3C may be displayed by the wearable computing device
10* once the wearable computing device 10* is able to com-
municate beyond the communication range 50* via the one or
more functional devices 20*. The GUI 300¢ includes icon
306¢, which is similar or the same as icon 3065 of FIG. 3B
except that icon 306¢ being in a second format (e.g., bolded)
that indicates that the associated application (e.g., local
weather reporting application) is now functional or execut-
able as a result of the wearable computing device 10* estab-
lishing a communication link 90* to beyond the communica-
tion range 50* of the wearable computing device 10* via the
one or more functional devices 20%*.

Referring now to FIGS. 4A and 4B, illustrating two block
diagrams representing two different implementations of the
wearable computing device 10* of FIGS. 1A, 1B, 1C, and 1D
and that are designed to execute the operations and processes
to be described herein. In particular, and as will be further
described herein, FIG. 4A illustrates a wearable computing
device 10' that is the “hardwired” or “hard” implementation
of'a small form-factor wearable device that can implement the
operations and processes to be described herein. The wear-
able computing device 10' may comprise certain logic mod-
ules including, for example, a functional device presence
sensing module 102', a functional device choosing module
104', and/or a functionality use facilitating module 106' that
are implemented using purely hardware or circuitry compo-
nents (e.g., application specific integrated circuit or “ASIC”).
In contrast, FIG. 4B illustrates a wearable computing device
10" that is the “soft” implementation of a small form-factor
wearable device that can implement the operations and pro-
cesses to be described herein. In various embodiments, the
wearable computing device 10" may also include certain
logic modules including, for example, a functional device
presence sensing module 102", a functional device choosing
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module 104", and/or a functionality use facilitating module
106" that are implemented using electronic circuitry (e.g.,
one or more processors 116 including one or more micropro-
cessors, controllers, etc.) executing one or more program-
ming instructions (e.g., software in the form of computer
readable instructions 152—see FIG. 4B).

The embodiments of the wearable computing device 10*
illustrated in FIGS. 4A and 4B are two extreme implementa-
tions of a small form-factor wearable system in which all of
the logic modules (e.g., the functional device presence sens-
ing module 102', the functional device choosing module 104",
and the functionality use facilitating module 106') are imple-
mented using purely hardware solutions (e.g., circuitry such
as ASIC) as illustrated in, for example, FIG. 4A orin which all
of the logic modules (e.g., the functional device presence
sensing module 102", the functional device choosing module
104", and the functionality use facilitating module 106") are
implemented using software solutions (e.g., programmable
instructions in the form of computer readable instructions 152
being executed by hardware such as one or more processors
116) as illustrated in, for example, FIG. 4B. Since there are
many ways of combining hardware, software, and/or firm-
ware in order to implement the various logic modules (e.g.,
the functional device presence sensing module 102*; the
functional device choosing module 104*, and the functional-
ity use facilitating module 106*), only the two extreme imple-
mentations (e.g., the purely hardware solution as illustrated in
FIG. 4A and the software solution of FIG. 4B) are illustrated
here. It should be noted here that with respect to the “soft”
implementation illustrated in FIG. 4B, hardware in the form
of circuitry such as one or more processors 116 are still
needed in order to execute the software. Further details
related to the two implementations of the wearable comput-
ing device 10* illustrated in FIGS. 4A and 4B will be pro-
vided in greater detail below.

In still other implementations, the wearable computing
device 10* may not actually include the various logic mod-
ules (e.g., the functional device presence sensing module
102*, the functional device choosing module 104*, and the
functionality use facilitating module 106*) that implements
the various operations/processes described herein. Instead,
such logic modules may be located in a remote device such as
at another device located near the wearable computing device
10* (e.g., another computing device located within the com-
munication range 50* of the wearable computing device
10%). In such implementations, the other device having the
various logic may direct or control the wearable computing
device 10* to perform at least some of the processes and
operations to be described herein.

In some instances, one or more components may be
referred to herein as “configured to,” “configured by,” “con-
figurable to,” “operable/operative to,” “adapted/adaptable,”
“able to,” “conformable/conformed to,” “designed to,” etc.
Those skilled in the art will recognize that such terms (e.g.,
“configured t0”) generally encompass active-state compo-
nents and/or inactive-state components and/or standby-state
components, unless context requires otherwise.

Referring particularly now to FIG. 4A, which illustrates a
block diagram of an wearable computing device 10' that
includes a functional device presence sensing module 102', a
functional device choosing module 104', a functionality use
facilitating module 106', memory 114, user interface 112
(e.g., a display, a speaker, and so forth), one or more proces-
sors 116 (e.g., one or more microprocessors), transceiver 118,
one or more sensors 120, and an antenna 130 (e.g., a direc-
tional antenna such as a metamaterial antenna, or an omnidi-
rectional antenna). In various embodiments, the memory 114
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may store one or more applications 154 (e.g., communication
applications such as email, instant messaging, text messag-
ing, and VoIP applications, personal information manager
application such as Microsoft Outlook, gaming applications,
productivity applications, and so forth). The one or more
sensors 120 that may be included in the wearable computing
device 10' may include, for example, one or more audio
sensors (e.g., microphones), one or more visual sensors (e.g.,
cameras), one or more myoelectric sensors, and so forth.

In various embodiments, the functional device presence
sensing module 102' of FIG. 4A is a logic module that may be
designed to, among other things, detect or sense presence of
a plurality of functional devices 20* within communication
range 50* of the wearable computing device 10', the commu-
nication range 50* of the wearable computing device 10'
being a spatial volume that includes the wearable computing
device 10' and being externally defined by an enveloping
boundary 52*, where low-power signals 70* transmitted by
the wearable computing device 10' being discernible over
background noise within the enveloping boundary 52* and
not discernible over background noise outside the enveloping
boundary 52*. In contrast, the functional device choosing
module 104' of FIG. 4A is a logic module that may be con-
figured to choose or select, from the plurality of functional
devices 20* that were sensed to be within the communication
range 50* of the wearable computing device 10', one or more
functional devices 20* for providing to the wearable comput-
ing device 10' one or more functionalities. The functionality
use facilitating module 106' of FIG. 4A, on the other hand, is
a logic module that may be configured to facilitate the wear-
able computing device 10' to use the one or more functional-
ities provided by the one or more chosen or selected func-
tional devices 20*.

Turning now to FIG. 4B, which illustrates a block diagram
of another wearable computing device 10" that can imple-
ment the operations and processes to be described herein. As
indicated earlier, the wearable computing device 10" in FIG.
4B is merely the “soft” version of the wearable computing
device 10" of FIG. 4A because the various logic modules: the
functional device presence sensing module 102", the func-
tional device choosing module 104", and the functionality use
facilitating module 106" are implemented using one or more
processors 116 (e.g., one or more microprocessors or control-
lers) executing software (e.g., computer readable instructions
152) rather than being implemented using purely hardware
(e.g., ASIC) solutions as was the case in the wearable com-
puting device 10' of FIG. 4A. Thus, the functional device
presence sensing module 102", the functional device choos-
ing module 104", and the functionality use facilitating mod-
ule 106" of FIG. 4B may be designed to execute the same
functions as the functional device presence sensing module
102, the functional device choosing module 104', and the
functionality use facilitating module 106' of FIG. 4A. The
wearable computing device 10", as illustrated in FIG. 4B,
may include other components (e.g., the user interface 112,
the transceiver 118, directional antenna 130, memory 114 that
stores one or more applications 154 as well as the computer
readable instructions 152, and so forth) that are the same or
similar to the other components that may be included in the
wearable computing device 10' of FIG. 4A. Note that in the
embodiment of the wearable computing device 10" illustrated
in FIG. 4B, the various logic modules (e.g., the functional
device presence sensing module 102", the functional device
choosing module 104", and the functionality use facilitating
module 106") may be implemented by the one or more pro-
cessors 116 (or other types of circuitry such as field program-
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mable gate arrays or FPGAs) executing one or more computer
readable instructions 152 stored in memory 114.

In various embodiments, the memory 114 of the wearable
computing device 10' of FIG. 4A and the wearable computing
device 10" of FIG. 4B may comprise one or more of mass
storage device, read-only memory (ROM), programmable
read-only memory (PROM), erasable programmable read-
only memory (EPROM), cache memory such as random
access memory (RAM), flash memory, synchronous random
access memory (SRAM), dynamic random access memory
(DRAM), and/or other types of memory devices.

Turning now to FIG. 5A illustrating a particular implemen-
tation of the functional device presence sensing module 102*
(e.g., the functional device presence sensing module 102' or
the functional device presence sensing module 102") of
FIGS. 4A and 4B. As illustrated, the functional device pres-
ence sensing module 102* may include one or more sub-logic
modules in various alternative implementations. For
example, in various embodiments, the functional device pres-
ence sensing module 102* may include a low-power prompt-
ing signal broadcasting device directing module 502 (which
may further include a transmitting antenna controlling mod-
ule 506), a responsive signal monitoring device directing
module 504 (which may further include a receiving antenna
controlling module 508), a beacon signals detecting device
controlling module 510, a power optimal functional device
ascertaining module 512 (which may further include a signal
strength ascertaining module 514), a functional device rela-
tive location ascertaining module 516 (which may further
include a directional antenna control module 518), a low-
power query signal transmit directing module 520, and/or a
confirmation signal monitor directing module 530. Specific
details related to the functional device presence sensing mod-
ule 102* as well as the above-described sub-modules of the
functional device presence sensing module 102* will be pro-
vided below with respect to the operations and processes to be
described herein.

Turning now to FIG. 5B illustrating a particular implemen-
tation of the functional device choosing module 104* (e.g.,
the functional device choosing module 104' or the functional
device choosing module 104") of FIGS. 4A and 4B. As illus-
trated, the functional device choosing module 104* may
include one or more sub-logic modules in various alternative
implementations. For example, in various embodiments, the
functional device choosing module 104* may include a least
communication power requirement determining module 540,
an earliest functionality access determining module 542, a
relative device location determining module 544, a com-
monly associated user determining module 546, a highest
data transfer rate determining module 548, an application
access determining module 550, a sensor data based func-
tional device choosing module 552, a communication link
providing device choosing module 554, and/or a sensor func-
tionality providing device choosing module 556. Specific
details related to the functional device choosing module 104*
as well as the above-described sub-modules of the functional
device choosing module 104* will be provided below with
respect to the operations and processes to be described herein.

FIG. 5C illustrates a particular implementation of the func-
tionality use facilitating module 106* (e.g., the functionality
use facilitating module 106' or the functionality use facilitat-
ing module 106") of FIG. 4A or 4B. As illustrated, the func-
tionality use facilitating module 106* may include one or
more sub-logic modules in various alternative embodiments.
For example, in various embodiments, the functionality use
facilitating module 106* may include an outbound data trans-
mit facilitating module 558 (which may further include a
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component directing module 560) and/or an inbound data
receive facilitating module 562 (which may further include a
component directing module 564). Note that in some embodi-
ments, the component directing module 560 and the compo-
nent directing module 564 may be the same common module.
Specific details related to the functionality use facilitating
module 106*, as well as the above-described sub-modules of
the functionality use facilitating module 106*, will be pro-
vided below with respect to the operations and processes to be
described herein.

A more detailed discussion related to the wearable com-
puting device 10* (e.g., the wearable computing device 10' of
FIG. 4A or the wearable computing device 10" of FIG. 4B)
discussed above will now be provided with respect to the
processes and operations to be described herein. FIG. 6 illus-
trates an operational flow 600 representing example compu-
tationally-implemented operations that may be implemented
for, among other things, detecting or sensing presence of a
plurality of functional devices 20* within the limited com-
munication range 50* of a wearable computing device 10*
having relatively small form-factor; and selecting or choosing
from the plurality of functional devices 20* that were
detected or sensed to be present within the limited commu-
nication range 50* of the wearable computing device 10%,
one or more functional devices 20* for providing to the wear-
able computing device 10* one or more functionalities (e.g.,
communication links to beyond the communication range
50* of the wearable computing device 10%*, sensor function-
alities, GPS functionalities, and so forth). In various imple-
mentations, these operations may be implemented through
the wearable computing device 10* of FIG. 4A or 4B (as well
as FIG. 1A, 1B, 1C, or 1D).

In FIG. 6 and in the following figures that include various
examples of operational flows, discussions and explanations
will be provided with respect to the wearable computing
device 10* described above and as illustrated in FIGS. 4A,
4B, 5A, 5B, 5C, and/or with respect to other examples (e.g.,
as provided in FIGS. 1A, 1B, 1C, 1D, 2A, 2B, 3A, 3B, and
3C) and contexts. However, it should be understood that the
operational flows may be executed in a number of other
environments and contexts, and/or in modified versions of
FIGS. 1A, 1B, 1C, 1D, 2A, 2B, 3A, 3B, 3C, 4A, 4B, 5A, 5B,
and/or 5C. Also, although the various operational flows are
presented in the sequence(s) illustrated, it should be under-
stood that the various operations may be performed in orders
other than those which are illustrated, or may be performed
concurrently.

Further, in FIG. 6 and in the figures to follow thereafter,
various operations may be depicted in a box-within-a-box
manner. Such depictions may indicate that an operation in an
internal box may comprise an optional example embodiment
of the operational step illustrated in one or more external
boxes. However, it should be understood that internal box
operations may be viewed as independent operations separate
from any associated external boxes and may be performed in
any sequence with respect to all other illustrated operations,
or may be performed concurrently. Still further, these opera-
tions illustrated in FIG. 6 as well as the other operations to be
described herein are performed by at least one of a machine,
an article of manufacture, or a composition of matter unless
indicated otherwise.

For ease of understanding, the flowcharts are organized
such that the initial flowcharts present implementations via an
example implementation and thereafter the following flow-
charts present alternate implementations and/or expansions
of'the initial flowchart(s) as either sub-component operations
or additional component operations building on one or more
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earlier-presented flowcharts. Those having skill in the art will
appreciate that the style of presentation utilized herein (e.g.,
beginning with a presentation of a flowchart(s) presenting an
example implementation and thereafter providing additions
to and/or further details in subsequent flowcharts) generally
allows for a rapid and easy understanding of the various
process implementations. In addition, those skilled in the art
will further appreciate that the style of presentation used
herein also lends itself well to modular and/or object-oriented
program design paradigms.

In any event, after a start operation, the operational flow
600 of FIG. 6 may move to a functional device presence
detecting operation 602 for detecting presence of a plurality
of functional devices within communication range of a wear-
able computing device, the communication range being a
spatial volume that includes the wearable computing device
and being externally defined by an enveloping boundary,
where low-power signals transmitted by the wearable com-
puting device being discernible over background noise within
the enveloping boundary and not discernible over back-
ground noise outside the enveloping boundary. For instance,
and as illustration, the functional device presence sensing
module 102* of the wearable computing device 10* of FIG.
4A or 4B (e.g., the functional device presence sensing module
102' of FIG. 4A or the functional device presence sensing
module 102" of FIG. 4B) detecting or sensing presence of a
plurality of (e.g., two or more) functional devices 20* within
communication range 50* of a wearable computing device
10*, the communication range 50* (see, forexample, FIG. 1A
or 1B) being a spatial volume that includes the wearable
computing device 10* and being externally defined by an
enveloping boundary 52* (see, for example, FIG. 1A or 1B),
where low-power signals 70* (see, for example, FIG. 1A or
1B) transmitted by the wearable computing device 10* being
discernible over background noise within the enveloping
boundary 52* and not discernible over background noise
outside the enveloping boundary 52*. Note that references in
the following to “low-power” such as, for example, the one or
more “low-power” signals 70* (or similar such phrases such
as the “low-power” prompting signals 82 or the “low-power”
query signals 84) may be in reference to the relatively low
amount of transmit power (e.g., less than 0.8 milliwatt) used
to wirelessly transmit such signals. As described earlier, a
functional device 20* may be any device that can provide one
or more functionalities (e.g., ability to communicate beyond
the communication range 50* of the wearable computing
device 10%*, sensor functionalities, GPS functionalities, and
so forth) that may be needed or sought by wearable comput-
ing device 10*.

Operational flow 600 may also include a functional device
selecting operation 604 for selecting, from the plurality of
functional devices, one or more functional devices for pro-
viding to the wearable computing device one or more func-
tionalities. For instance, the functional device choosing mod-
ule 104* (e.g., the functional device choosing module 104' of
FIG. 4A or the functional device choosing module 104" of
FIG. 4B) of the wearable computing device 10* of FIG. 4A or
4B selecting or choosing, from the plurality of functional
devices 20* that were detected or sensed to be present within
the communication range 50* of the wearable computing
device 10*, one or more functional devices 20* for providing
to the wearable computing device 10* one or more function-
alities (e.g., a communication link 90* to beyond the com-
munication range 50* of the wearable computing device 10*
or one or more sensor functionalities such visual, audio, and/
or movement sensor functionalities). For example, in the
example illustrated in FIG. 1A, selecting functional device
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20a for providing to the wearable computing device 10* a
communication link 90q to beyond the communication range
50* of the wearable computing device 10*.

As will be described below, the functional device presence
detecting operation 602 and the functional device selecting
operation 604 may be executed in a variety of different ways
in various alternative implementations. FIGS. 7A, 7B, 7C,
7D, 7E, 7F,7G, 7TH, 7], and 7K, for example, illustrate at least
some of the alternative ways that the functional device pres-
ence detecting operation 602 of FIG. 6 may be executed in
various alternative implementations. In some cases, for
example, the functional device presence detecting operation
602 may include an operation 702 for detecting the presence
of the plurality of functional devices within the communica-
tion range of the wearable computing device by detecting
presence of a plurality of functional devices within the com-
munication range of the wearable computing device based, at
least in part, on plurality of signals transmitted by the plural-
ity of functional devices and received by the wearable com-
puting device as illustrated in FIGS. 7A, 7B, 7C, 7D, 7E, 7F,
and 7G. For instance, the functional device presence sensing
module 102* of the wearable computing device 10* (e.g., the
wearable computing device 10' of FIG. 4A or the wearable
computing device 10" of FIG. 4B) detecting the presence of
the plurality of functional devices 20* within the communi-
cation range 50* of the wearable computing device 10* by
detecting or sensing presence of a plurality of functional
devices 20* (e.g., functional devices 20a, 205, and 20c¢ of
FIGS. 1A, 1B, 1C, and 1D) within the communication range
50* of the wearable computing device 10* based, at least in
part, on plurality of signals 80 (see, for example, FIG. 1C)
transmitted by the plurality of functional devices 20* and
received (e.g., detected) by the wearable computing device
10%.

In various implementations, operation 702 may further
include one or more additional operations including, in some
implementations, an operation 703a for directing the wear-
able computing device to broadcast one or more low-power
prompting signals that are designed to, when one or more
functional devices detect the one or more low-power prompt-
ing signals, prompt the one or more functional devices to
generate one or more responsive signals to acknowledge
detection by the one or more functional devices of the one or
more low-power prompting signals and an operation 7035 for
directing the wearable computing device to monitor for the
plurality of signals, the plurality of signals being a plurality of
responsive signals that acknowledges that the plurality of
functional devices detected the one or more low-power
prompting signals as illustrated, for example, in FIG. 7A, 7B,
7C, 7D, or 7E. For instance, the low-power prompting signal
broadcast directing module 502 (see F1G. 5A) of the wearable
computing device 10* of FIG. 4A or 4B directing the wear-
able computing device 10* (e.g., controlling or instructing
one or more components of the wearable computing device
10* such as the transceiver 118) to broadcast one or more
low-power prompting signals 82 (see, for example, FIG. 1C)
that are designed to, when one or more functional devices 20*
detect the one or more low-power prompting signals 82,
prompt the one or more functional devices 20* to generate
one or more responsive signals (e.g., signals 80 of FIG. 1C) to
acknowledge detection by the one or more functional devices
20* of the one or more low-power prompting signals 82. The
responsive signal monitor directing module 504 of the wear-
able computing device 10* of FIG. 4A or 4B may then direct
the wearable computing device 10* (e.g., control or instruct
one or more components of the wearable computing device
10* such as the transceiver 118) to monitor for the plurality of
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signals 80, the plurality of signals 80 being a plurality of
responsive signals that acknowledges that the plurality of
functional devices 20* detected the one or more low-power
prompting signals 82.

As further illustrated in FIG. 7A, in some cases, operation
703a may further include or involve an operation 704 for
directing the wearable computing device to broadcast the one
or more low-power prompting signals by directing the wear-
able computing device to broadcast the one or more low-
power prompting signals using less than 0.8 milliwatt of
transmit power. For instance, the low-power prompting signal
broadcast directing module 502 of the wearable computing
device 10* of FIG. 4A or 4B directing the wearable comput-
ing device 10* to broadcast or transmit the one or more
low-power prompting signals 82 by directing (e.g., control-
ling or instructing) the wearable computing device 10* to
broadcast, via an antenna 130 (e.g., directional or omnidirec-
tional antenna), the one or more low-power prompting signals
82 using less than 0.8 milliwatt of transmit power.

In some implementations, the operation 703a may actually
include or involve an operation 705 for directing the wearable
computing device to broadcast the one or more low-power
prompting signals by directing the wearable computing
device to broadcast the one or more low-power prompting
signals using less than 0.5 milliwatt of transmit power. For
instance, the low-power prompting signal broadcast directing
module 502 ofthe wearable computing device 10* of FIG. 4A
or 4B directing the wearable computing device 10* to broad-
cast the one or more low-power prompting signals 82 by
directing the wearable computing device 10* to broadcast or
transmit, via an antenna 130 such as a directional or omnidi-
rectional antenna, the one or more low-power prompting
signals 82 using less than 0.5 milliwatt of transmit power. For
example, instructing/controlling the transceiver 118 of the
wearable computing device 10* and using a directional
antenna in order to transmit the one or more low-power
prompting signals 82.

In the same or alternative implementations, operation 703«
may additionally or alternatively include or involve an opera-
tion 706 for directing the wearable computing device to
broadcast the one or more low-power prompting signals by
directing the wearable computing device to broadcast the one
or more low-power prompting signals through a directional
antenna. For instance, the low-power prompting signal broad-
cast directing module 502 of the wearable computing device
10* of FIG. 4A or 4B directing the wearable computing
device 10* to broadcast the one or more low-power prompt-
ing signals 82 by directing the wearable computing device
10* to broadcast the one or more low-power prompting sig-
nals 82 through a directional antenna (e.g., antenna 130 of
FIG. 4A or 4B).

In some cases, operation 706 may further include or
involve an operation 707 for directing the wearable comput-
ing device to broadcast the one or more low-power prompting
signals through a directional antenna by pointing the direc-
tional antenna away from a user wearing the wearable com-
puting device to broadcast the one or more low-power
prompting signals and to minimize exposing the user to elec-
tromagnetic radiation. For instance, the low-power prompt-
ing signal broadcast directing module 502 including the
transmitting antenna controlling module 506 (see FIG. 5A) of
the wearable computing device 10* of FIG. 4A or 4B direct-
ing the wearable computing device 10* to broadcast the one
or more low-power prompting signals 82 through a direc-
tional antenna (e.g., metamaterial antenna) when the trans-
mitting antenna controlling module 506 points or controls the
directional antenna (e.g., antenna 130) away from a user
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wearing the wearable computing device 10* to broadcast the
one or more low-power prompting signals 82 and to minimize
exposing the user to electromagnetic radiation.

Invarious implementations, operation 7034 may include or
involve an operation 708 for directing the wearable comput-
ing device to broadcast the one or more low-power prompting
signals by directing the wearable computing device to broad-
cast the one or more low-power prompting signals through an
omnidirectional antenna. For instance, the low-power
prompting signal broadcast directing module 502 of the wear-
able computing device 10* of FIG. 4A or 4B directing the
wearable computing device 10* to broadcast the one or more
low-power prompting signals 82 by directing the wearable
computing device 10* (e.g., controlling or instructing the
transceiver 118 of the wearable computing device 10%) to
broadcast the one or more low-power prompting signals 82
through an omnidirectional antenna (e.g., antenna 130).

Turning now to FIG. 7B, in various implementations,
operation 7034 may include or involve an operation 709 for
directing the wearable computing device to broadcast the one
or more low-power prompting signals by directing the wear-
able computing device to broadcast the one or more low-
power prompting signals through an antenna using different
levels of transmit power, where the one or more low-power
prompting signals are transmitted at each level of transmit
power for predefined increment or increments of time. For
instance, the low-power prompting signal broadcast directing
module 502 ofthe wearable computing device 10* of FIG.4A
or 4B directing the wearable computing device 10* to broad-
cast the one or more low-power prompting signals 82 by
directing the wearable computing device 10* (e.g., control-
ling or instructing one or more components of the wearable
computing device 10*) to broadcast the one or more low-
power prompting signals 82 through an antenna 130 using
different levels of transmit power, where the one or more
low-power prompting signals 82 are transmitted at each level
of transmit power for predefined increment or increments of
time. For example, initially transmitting the one or more
low-power prompting signals 82 using 0.3 milliwatt of trans-
mit power for 0.1 microseconds, then transmitting the one or
more low-power prompting signals 82 using 0.4 milliwatt of
transmit power for 0.1 microseconds, then transmitting the
one or more low-power prompting signals 82 using 0.5 mil-
liwatt of transmit power for 0.1 microseconds, and so forth.

As further illustrated in FIG. 7B, in some implementations
operation 709 may further include or involve an operation 710
for directing the wearable computing device to broadcast the
one or more low-power prompting signals through an antenna
using different levels of transmit power by directing the wear-
able computing device to broadcast the one or more low-
power prompting signals using a first level of transmit power
and directing the wearable computing device to broadcast the
one or more low-power prompting signals using a second
level of transmit power, the first level of transmit power being
different from the second level of transmit power. For
instance, the low-power prompting signal broadcast directing
module 502 ofthe wearable computing device 10* of FIG.4A
or 4B directing the wearable computing device 10* to broad-
cast the one or more low-power prompting signals 82 through
an antenna 130 using different levels of transmit power by
directing or controlling the wearable computing device 10* to
broadcast the one or more low-power prompting signals 10*
using a first level of transmit power (e.g., 0.3 milliwatt) and
directing the wearable computing device 10* to broadcast the
one or more low-power prompting signals 82 using a second
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level of transmit power (e.g., 5 milliwatt), the first level of
transmit power being different from the second level of trans-
mit power.

In some cases, operation 710 may, in turn, further include
or involve an operation 711 for directing the wearable com-
puting device to pause broadcasting of the one or more low-
power prompting signals after broadcasting the one or more
low-power prompting signals using the first level of transmit
power and before broadcasting the one or more low-power
prompting signals using the second level of transmit power in
order to monitor for the one or more responsive signals that
acknowledge detection by the one or more functional devices
of the one or more low-power prompting signals that was
transmitting using the first level of transmit power. For
instance, the low-power prompting signal broadcast directing
module 502 ofthe wearable computing device 10* of FIG. 4A
or 4B directing the wearable computing device 10* to pause
(e.g., pause for 0.05 microseconds) broadcasting of the one or
more low-power prompting signals 82 after broadcasting the
one or more low-power prompting signals 82 using the first
level of transmit power (e.g., 3 milliwatt) and before broad-
casting the one or more low-power prompting signals 82
using the second level of transmit power (e.g., 0.5 milliwatt)
in order to monitor for the one or more responsive signals
(e.g., signals 80) that acknowledge detection by the one or
more functional devices 20* of the one or more low-power
prompting signals 82 that was transmitting using the first
level of transmit power (e.g., 0.3 milliwatt).

In the same or alternative implementations, operation 710
may additionally or alternatively include or involve an opera-
tion 712 for directing the wearable computing device to
broadcast the one or more low-power prompting signals using
the first level of transmit power and directing the wearable
computing device to broadcast the one or more low-power
prompting signals using the second level of transmit power by
further directing the wearable computing device to broadcast
the one or more low-power prompting signals using a third
level of transmit power, the third level of transmit power
being different from the first level of transmit power or the
second level of transmit power. For instance, the low-power
prompting signal broadcast directing module 502 of the wear-
able computing device 10* of FIG. 4A or 4B directing the
wearable computing device 10* to broadcast the one or more
low-power prompting signals 82 using the first level of trans-
mit power (e.g., 0.3 milliwatt) and directing the wearable
computing device 10* to broadcast the one or more low-
power prompting signals 82 using the second level of transmit
power (e.g., 0.5 milliwatt) by further directing or controlling
the wearable computing device 10* to broadcast the one or
more low-power prompting signals 82 using a third level of
transmit power (e.g., 0.7 milliwatt), the third level of transmit
power being different from the first level of transmit power or
the second level of transmit power.

In some cases, operation 712 may further include or
involve an operation 713 for directing the wearable comput-
ing device to pause broadcasting of the one or more low-
power prompting signals after broadcasting the one or more
low-power prompting signals using the first level of transmit
power and before broadcasting the one or more low-power
prompting signals using the second level of transmit power in
order to monitor for one or more responsive signals that
acknowledge detection by one or more functional devices of
the one or more low-power prompting signals that was trans-
mitted using the first level of transmit power and directing the
wearable computing device to pause broadcasting of the one
or more low-power prompting signals after broadcasting the
one or more low-power prompting signals using the second
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level of transmit power and before broadcasting the one or
more low-power prompting signals using the third level of
transmit power in order to monitor for one or more responsive
signals that acknowledge detection by one or more functional
devices of the one or more low-power prompting signals that
was transmitting using the second level of transmit power as
illustrated in FIG. 7C. For instance, the low-power prompting
signal broadcast directing module 502 of the wearable com-
puting device 10* of FIG. 4A or 4B directing the wearable
computing device 10* to pause (e.g., pause for 0.03 micro-
seconds) broadcasting of the one or more low-power prompt-
ing signals 82 after broadcasting the one or more low-power
prompting signals using the first level of transmit power (e.g.,
0.3 milliwatt) and before broadcasting the one or more low-
power prompting signals 82 using the second level of transmit
power (e.g., 0.5 milliwatt) in order to monitor for one or more
responsive signals (e.g., signals 80 of FIG. 1C) that acknowl-
edge detection by one or more functional devices 20* of the
one or more low-power prompting signals 82 that was trans-
mitted using the first level of transmit power (e.g., 0.3 milli-
watt) and directing the wearable computing device 10* to
pause (e.g., 0.03 microseconds) broadcasting of the one or
more low-power prompting signals 82 after broadcasting the
one or more low-power prompting signals 82 using the sec-
ond level of transmit power (e.g., 0.5 milliwatt) and before
broadcasting the one or more low-power prompting signals
82 using the third level of transmit power (e.g., 0.7 milliwatt)
in order to monitor for one or more responsive signals (e.g.,
signals 80 of FIG. 1C) that acknowledge detection by one or
more functional devices 20* of the one or more low-power
prompting signals 82 that was transmitting using the second
level of transmit power (e.g., 0.5 milliwatt).

Referring to FIG. 7D, in the same or alternative implemen-
tations, operation 712 may additionally or alternatively
include or involve an operation 714 for directing the wearable
computing device to broadcast the one or more low-power
prompting signals using the first level of transmit power,
directing the wearable computing device to broadcast the one
or more low-power prompting signals using the second level
of transmit power, and directing the wearable computing
device to broadcast the one or more low-power prompting
signals using the third level of transmit power, where the first
level of transmit power being a lower transmit power than the
second level of transmit power and the second level of trans-
mit power being a lower transmit power than the third level of
transmit power. For instance, the low-power prompting signal
broadcast directing module 502 of the wearable computing
device 10* of FIG. 4A or 4B directing the wearable comput-
ing device 10* to broadcast the one or more low-power
prompting signals 82 using the first level of transmit power
(e.g., 0.2 milliwatt), directing the wearable computing device
10* to broadcast the one or more low-power prompting sig-
nals 82 using the second level of transmit power (e.g., 0.4
milliwatt), and directing the wearable computing device 10*
to broadcast the one or more low-power prompting signals 82
using the third level of transmit power (e.g., 0.6 milliwatt),
where the first level of transmit power being a lower transmit
power than the second level of transmit power and the second
level of transmit power being a lower transmit power than the
third level of transmit power.

Turning now to FIG. 7E, in various implementations,
operation 7034 may include or involve an operation 715 for
directing the wearable computing device to broadcast the one
or more low-power prompting signals by directing the wear-
able computing device to broadcast the one or more low-
power prompting signals having one or more frequencies
from a frequency band between 2.400 GHz and 2.4835 GHz
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or one or more frequencies from a frequency band between
5.180 GHz and 5.825 GHz. For instance, the low-power
prompting signal broadcast directing module 502 of the wear-
able computing device 10* of FIG. 4A or 4B directing the
wearable computing device 10* to broadcast the one or more
low-power prompting signals 82 by directing or controlling
the wearable computing device 10* to broadcast the one or
more low-power prompting signals 82 having one or more
frequencies from a frequency band between 2.400 GHz and
2.4835 GHz (e.g., the 2.4 GHz frequency band) or one or
more frequencies from a frequency band between 5.180 GHz
and 5.825 GHz (e.g., the 5 GHz frequency band).

In some alternative implementations, operation 703a may
include or involve an operation 716 for directing the wearable
computing device to broadcast the one or more low-power
prompting signals by directing the wearable computing
device to broadcast the one or more low-power prompting
signals having one or more frequencies from a frequency
band between 57 GHz and 64 GHz. For instance, the low-
power prompting signal broadcast directing module 502 of
the wearable computing device 10* of FIG. 4A or 4B direct-
ing the wearable computing device 10* to broadcast the one
or more low-power prompting signals 82 by directing or
controlling the wearable computing device 10* to broadcast
the one or more low-power prompting signals 82 having one
or more frequencies from a frequency band between 57 GHz
and 64 GHz (e.g., the 60 GHz frequency band).

In various implementations, the operation 7035 for direct-
ing the wearable computing device to monitor for the plural-
ity of signals, the plurality of signals being a plurality of
responsive signals that acknowledges that the plurality of
functional devices detected the one or more low-power
prompting signals may actually include or involve an opera-
tion 717 for directing the wearable computing device to moni-
tor for the plurality of responsive signals by directing the
wearable computing device to monitor for the plurality of
responsive signals using an antenna as further illustrated in
FIG. 7E. For instance, the responsive signal monitor directing
module 504 ofthe wearable computing device 10* of FIG.4A
or 4B directing the wearable computing device 10* to moni-
tor for the plurality of responsive signals by directing the
wearable computing device 10* (e.g., by controlling or
instructing one or more components of the wearable comput-
ing device 10*) to monitor for the plurality of responsive
signals (e.g., signals 80 of FIG. 1C) using an antenna 130.

As further illustrated in FIG. 7E, operation 717 may, in
turn, further include or involve an operation 718 for directing
the wearable computing device to monitor for the plurality of
responsive signals using the antenna by directing the wear-
able computing device to monitor for the plurality of respon-
sive signals using a directional antenna. For instance, the
responsive signal monitor directing module 504 of the wear-
able computing device 10* of FIG. 4A or 4B directing the
wearable computing device 10* to monitor for the plurality of
responsive signals using the antenna 130 by directing the
wearable computing device 10* (e.g., by controlling or
instructing one or more components of the wearable comput-
ing device 10*) to monitor for the plurality of responsive
signals (e.g., signals 80 of FIG. 1C) using a directional
antenna (e.g., metamaterial antenna).

In some implementations operation 718 may further
include or involve an operation 719 for directing the wearable
computing device to monitor for the plurality of responsive
signals using the directional antenna by pointing the direc-
tional antenna at multiple directions in order to capture the
plurality of responsive signals. For instance, the responsive
signal monitor directing module 504 including the receiving
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antenna controlling module 508 (see FIG. 5A) of the wear-
able computing device 10* of FIG. 4A or 4B directing the
wearable computing device 10* to monitor for the plurality of
responsive signals using the directional antenna when the
receiving antenna controlling module 508 points the direc-
tional antenna (e.g., metamaterial antenna) at multiple direc-
tions in order to capture the plurality of responsive signals
(e.g., signals 80 of FIG. 7C).

As further illustrated in FIG. 7E, in some implementations,
operation 719 may further include or involve an operation 720
for pointing the directional antenna at multiple directions in
order to capture the plurality of responsive signals by pointing
the directional antenna away from a user wearing the wear-
able computing device in order capture the plurality of
responsive signals. For instance, the receiving antenna con-
trolling module 508 of the wearable computing device 10* of
FIG. 4A or 4B pointing the directional antenna at multiple
directions in order to capture the plurality of responsive sig-
nals by pointing the directional antenna (e.g., antenna 130 of
FIG. 4A or 4B) away from a user wearing the wearable
computing device 10* in order capture the plurality of respon-
sive signals (e.g., signals 80 of FIG. 1C).

Turning now to FIG. 7F, in various implementations, the
operation 702 for detecting the presence of the plurality of
functional devices within the communication range of the
wearable computing device by detecting presence of a plu-
rality of functional devices within the communication range
of the wearable computing device based, at least in part, on
plurality of signals transmitted by the plurality of functional
devices and received by the wearable computing device may
include or involve an operation 721 for detecting the presence
of the plurality of functional devices within the communica-
tion range of the wearable computing device based, at least in
part, on the plurality of signals transmitted by the plurality of
functional devices and received by the wearable computing
device by directing the wearable computing device to detect a
plurality of beacon signals transmitted by the plurality of
functional devices and that are determined to have signal
strengths greater than a predefined amount of signal strength.
For instance, the functional device presence sensing module
102* including the beacon signals detect controlling module
510 (see FIG. 5A) of the wearable computing device 10* of
FIG. 4A or 4B detecting the presence of the plurality of
functional devices 20* within the communication range 50*
of the wearable computing device 10* based, at least in part,
on the plurality of signals 80 (see FIG. 1C for example)
transmitted by the plurality of functional devices 20* and
received by the wearable computing device 10* when the
beacon signals detect controlling module 510 directs or con-
trols the wearable computing device 10* to detect a plurality
of'beacon signals (e.g., signals 80 of FIG. 1C) transmitted by
the plurality of functional devices 20* and that are determined
by, for example, the beacon signals detect controlling module
510 to have signal strengths greater than a predefined amount
of'signal strength. That is, in some cases, the strengths of the
plurality of beacon signals received by the wearable comput-
ing device 10* may be ascertained in order to determine
whether the plurality of functional devices 20* that transmit-
ted the plurality of beacon signals are within the communi-
cation range 50* of the wearable computing device 10*. In
some cases, “beacon signals” are unsolicited signals that are
transmitted by functional devices 20%*, which is in contrast to
“responsive signals” that were previously described and
which are transmitted by functional devices 20* in response
to the functional devices 20* detecting one or more low-
power prompting signals 82.
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In the same or alternative implementations, operation 702
may include or involve an operation 722 for detecting pres-
ence of a plurality of functional devices within the commu-
nication range of the wearable computing device based, at
least in part, on plurality of signals transmitted by the plural-
ity of functional devices and received by the wearable com-
puting device including determining, based on the plurality of
signals, which one or more of the plurality of functional
devices requires least amount of transmit power to commu-
nicate with by the wearable computing device amongst the
plurality of functional devices. For instance, the functional
device presence sensing module 102* including the power
optimal functional device ascertaining module 512 (see FIG.
5A) of the wearable computing device 10* of FIG. 4A or 4B
detecting presence of a plurality of functional devices 20*
within the communication range 50* of the wearable com-
puting device 10* based, at least in part, on plurality of signals
80 transmitted by the plurality of functional devices 20* and
received by the wearable computing device 10* including
determining, by the power optimal functional device ascer-
taining module 512 and based on the plurality of signals 80,
which one or more of the plurality of functional devices 20*
that were determined to be within the communication range
50* of the wearable computing device 10* requires least
amount of transmit power to communicate with by the wear-
able computing device 10* amongst the plurality of func-
tional devices 20%*. That is, the nearer that a particular func-
tional device 20* is to the wearable computing device 10* the
lessor amount of power may be needed by the wearable
computing device 10* in order to communicate with the
particular functional device 20%*.

In some cases, operation 722 may, in turn, further include
or involve an operation 723 for determining, based on the
plurality of signals, which one or more of the plurality of
functional devices requires least amount of transmit power to
communicate with by the wearable computing device by
determining signal strengths of the plurality of signals. For
instance, the power optimal functional device ascertaining
module 512 including the signal strength ascertaining module
514 (see FIG. 5A) of the wearable computing device 10* of
FIG. 4A or 4B determining, based at least in part on the
plurality of signals 80 transmitted by the plurality of func-
tional devices 20*, which one or more of the plurality of
functional devices 20* requires least amount of transmit
power to communicate with by the wearable computing
device 10* when the signal strength ascertaining module 514
determines or ascertains signal strengths of the plurality of
signals 80 received by the wearable computing device 10%*.
For example, ifthe signal strength of a first signal 80 (that was
transmitted by a first functional device 20a) received by the
wearable computing device 10* is determined to be greater
than the signal strength of a second signal 80 (that was trans-
mitted by a second functional device 205) received by the
wearable computing device 10%, then an inference may be
made that less power will be needed by the wearable comput-
ing device 10* in order to communicate with the first func-
tional device 20a than the second functional device 205. Of
course, this inference can only be made if the first signal 80
and the second signal 80 were transmitted by the first func-
tional device 20q and the second functional device 205 under
similar or the same conditions (e.g., transmitted using same
transmit power and same frequencies).

Referring to FIG. 7G, in the same or alternative implemen-
tations, operation 702 may include or involve an operation
724 for detecting the presence of the plurality of functional
devices within the communication range of the wearable
computing device based, at least in part, on the plurality of
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signals transmitted by the plurality of functional devices and
received by the wearable computing device including deter-
mining locations of the plurality of functional devices relative
to location of the wearable computing device based, atleastin
part, on the plurality of signals transmitted by the plurality of
functional devices. For instance, the functional device pres-
ence sensing module 102* including the functional device
relative location ascertaining module 516 (see FIG. 5A) of the
wearable computing device 10* of FIG. 4A or 4B detecting
the presence of the plurality of functional devices 20* within
the communication range 50* of the wearable computing
device 10* based, at least in part, on the plurality of signals 80
transmitted by the plurality of functional devices 20* and
received by the wearable computing device 10* including
determining or ascertaining, by the functional device relative
location ascertaining module 516, the relative locations of the
plurality of functional devices 20* relative to the location of
the wearable computing device 10* based, at least in part, on
the plurality of signals 80 transmitted by the plurality of
functional devices 20*. In some embodiments, the locations
of'each ofthe functional devices 20* may at least be one of the
basis for selecting or choosing one or more of the plurality of
functional devices 20* for providing one or more functional-
ities to the wearable computing device 10*. For example, a
particular functional device 20* that is located dead center of
the “line of sight” (e.g., field of regard) of a directional
antenna of the wearable computing device 10* may be pre-
ferred over another functional device 20* that is not so cen-
tered.

As further illustrated in FIG. 7G, operation 724 may fur-
ther include one or more additional operations in various
alternative implementations including, in some cases, an
operation 725 for determining the locations of the plurality of
functional devices relative to the location of the wearable
computing device by determining directions of the plurality
of functional devices relative to the location of the wearable
computing device based, at least in part, on the plurality of
signals transmitted by the plurality of functional devices. For
instance, the functional device relative location ascertaining
module 516 ofthe wearable computing device 10* of FIG.4A
or 4B determining the locations of the plurality of functional
devices 20* relative to the location of the wearable computing
device 10* by determining directions of the plurality of func-
tional devices 20* relative to the location of the wearable
computing device 10* based, at least in part, on the plurality
of'signals 80 transmitted by the plurality of functional devices
20*. In some cases, this operation may be implemented using
a directional antenna.

In some implementations, operation 725 may include or
involve an operation 726 for determining the directions of the
plurality of functional devices relative to the location of the
wearable computing device by controlling a directional
antenna of the wearable computing device in order to deter-
mine the directions of the plurality of functional devices
relative to the location of the wearable computing device
based on the plurality of signals transmitted by the plurality of
functional devices and detected through the directional
antenna. For instance, the functional device relative location
ascertaining module 516 including the directional antenna
control module 518 (see FIG. 5A) of the wearable computing
device 10* of FIG. 4A or 4B determining the directions of the
plurality of functional devices 20* relative to the location of
the wearable computing device 10* by having the directional
antenna control module 518 control a directional antenna
(e.g., antenna 130 of FIG. 4A or 4B) of the wearable comput-
ing device 10* in order to determine the directions of the
plurality of functional devices 20* relative to the location of
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the wearable computing device 10* based on the plurality of
signals 80 transmitted by the plurality of functional devices
20* and detected through the directional antenna (e.g.,
antenna 130 of FIG. 4A or 4B).

In some implementations, operation 726 may, in turn, fur-
ther include or involve an operation 727 for controlling the
directional antenna of the wearable computing device in order
to determine the directions of the plurality of functional
devices relative to the location of the wearable computing
device based on the plurality of signals transmitted by the
plurality of functional devices and detected through the direc-
tional antenna by pointing the directional antenna of the wear-
able computing device at different directions in order to
detect the plurality of signals and in order to determine the
directions of the plurality of functional devices relative to the
location of the wearable computing device. For instance, the
directional antenna control module 518 of the wearable com-
puting device 10* of FIG. 4A or 4B controlling the directional
antenna of the wearable computing device 10* in order to
determine the directions of the plurality of functional devices
20* relative to the location of the wearable computing device
10* based on the plurality of signals 80 transmitted by the
plurality of functional devices 20* and detected through the
directional antenna by having the directional antenna control
module 518 point the directional antenna (e.g., antenna 130 of
FIG. 4A or 4B) of the wearable computing device 10* at
different directions in order to detect the plurality of signals
80 and in order to determine the directions of the plurality of
functional devices 20* relative to the location of the wearable
computing device 10*.

Referring now to FIG. 7H, in various implementations, the
functional device presence detecting operation 602 may
include or involve an operation 728 for detecting the presence
of the plurality of functional devices within communication
range of the wearable computing device by detecting pres-
ence of a plurality of external linking devices within the
communication range of the wearable computing device, the
plurality of external linking devices designed to communicate
beyond the communication range of the wearable computing
device. For instance, the functional device presence sensing
module 102* of the wearable computing device 10* of FIG.
4 A or 4B detecting the presence of the plurality of functional
devices 20* within communication range 50* of the wearable
computing device 10* by detecting or sensing presence of a
plurality of external linking devices within the communica-
tion range 50* of the wearable computing device 10*, the
plurality of external linking devices (e.g., Smartphones, tablet
computers, laptop or desktop computers, access points, base
stations, repeaters, and so forth) designed to communicate
beyond the communication range 50* of the wearable com-
puting device 10*.

In various implementations, the functional device presence
detecting operation 602 may include or involve an operation
729 for detecting the presence of the plurality of functional
devices within communication range of the wearable com-
puting device by detecting presence of a plurality of sensor
endowed devices within the communication range of the
wearable computing device. For instance, the functional
device presence sensing module 102* of the wearable com-
puting device 10* of FIG. 4A or 4B detecting the presence of
the plurality of functional devices 20* within communication
range 50* of the wearable computing device 10* by detecting
or sensing presence of a plurality of sensor endowed devices
within the communication range 50 of the wearable comput-
ing device 10*. Examples of sensor endowed devices include,
for example, Smartphones with audio, visual, and/or move-
ment sensors, other wearable computing devices (e.g., AR
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devices with audio and/or visual sensors, or Smartwatches
with audio, visual, movement, and/or electrical activity sen-
sors), and so forth. Note that for purposes of this description,
references to movement sensors may be in reference to a
variety of sensors capable of sensing various aspects of move-
ments including accelerometers, gyroscope, inertia sensors,
and so forth. References herein to electrical activity sensors
may be in reference to those types of sensors that can detect or
sense electrical activities of human tissue (e.g., muscles, ten-
dons, and so forth).

In some cases, operation 729 may actually involve an
operation 730 for detecting the presence of the plurality of
sensor endowed devices within the communication range of
the wearable computing device by detecting presence of a
plurality of visual and/or audio sensor endowed devices
within the communication range of the wearable computing
device. For instance, the functional device presence sensing
module 102* of the wearable computing device 10* of FIG.
4A or 4B detecting the presence of the plurality of sensor
endowed devices within the communication range 50* of the
wearable computing device 10* by detecting presence of a
plurality of visual and/or audio sensors endowed devices
(e.g., devices endowed with various sensors including con-
ventional or infrared cameras, black silicon sensors, micro-
phones, and so forth) within the communication range 50* of
the wearable computing device 10*.

Alternatively or additionally operation 729 may actually
involve or involve an operation 731 for detecting the presence
of the plurality of sensor endowed devices within the com-
munication range of the wearable computing device by
detecting presence of a plurality of movement sensor
endowed devices within the communication range of the
wearable computing device. For instance, the functional
device presence sensing module 102* of the wearable com-
puting device 10* of FIG. 4A or 4B detecting the presence of
the plurality of sensor endowed devices within the commu-
nication range 50* of the wearable computing device 10* by
detecting presence of a plurality of movement sensors (e.g.,
accelerometers, inertia sensors, and so forth) endowed
devices within the communication range 50* of the wearable
computing device 10*. Note that in some cases the movement
sensor endowed devices that are detected within the commu-
nication range 50* of the wearable computing device 10*
may include one or more other wearable computing devices
10* that may be endowed with one or more movement sen-
SOIS.

In the same or alternative implementations, the functional
device presence detecting operation 602 may additionally or
alternatively include an operation 732 for detecting the pres-
ence of a plurality of functional devices within the commu-
nication range of the wearable computing device that includes
the wearable computing device and that is externally defined
by an enveloping boundary, where low-power signals trans-
mitted by the wearable computing device using 0.8 milliwatt
or less of transmit power being discernible over background
noise within the enveloping boundary and not discernible
over background noise outside the enveloping boundary. For
instance, the functional device presence sensing module 102*
of the wearable computing device 10* of FIG. 4A or 4B
detecting the presence of a plurality of functional devices 20*
within the communication range 50* (see, for example, FI1G.
1A or 1B) ofthe wearable computing device 10* that includes
the wearable computing device 10* and that is externally
defined by an enveloping boundary 52* (see, for example,
FIG. 1A or 1B), where low-power signals 70* transmitted by
the wearable computing device 10* using 0.8 milliwatt or less
of transmit power being discernible over background noise
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(e.g., noise as a result of background radiation) within the
enveloping boundary 52* and not discernible over back-
ground noise outside the enveloping boundary 52%*.

In some implementations, the functional device presence
detecting operation 602 may additionally or alternatively
include an operation 733 for detecting the presence of a
plurality of functional devices within the communication
range of the wearable computing device that includes the
wearable computing device and that is externally defined by
an enveloping boundary, where low-power signals transmit-
ted by the wearable computing device using 0.5 milliwatt or
less of transmit power being discernible over background
noise within the enveloping boundary and not discernible
over background noise outside the enveloping boundary. For
instance, the functional device presence sensing module 102*
of the wearable computing device 10* of FIG. 4A or 4B
detecting the presence of a plurality of functional devices 20*
within the communication range 50* (see, for example, FIG.
1A or 1B) ofthe wearable computing device 10* that includes
the wearable computing device 10* and that is externally
defined by an enveloping boundary 52* (see, for example,
FIG. 1A or 1B), where low-power signals 70* transmitted by
the wearable computing device 10* using 0.5 milliwatt or less
of transmit power being discernible over background noise
(e.g., noise as a result of background radiation) within the
enveloping boundary 52* and not discernible over back-
ground noise outside the enveloping boundary 52%*.

Referring now to FIGS. 7] and 7K, in various implemen-
tations, the functional device presence detecting operation
602 may actually include or involve an operation 734a for
directing the wearable computing device to transmit one or
more low-power query signals to obtain from one or more
functional devices that detects the one or more low-power
query signals one or more confirmations via one or more
confirmation signals that indicate that the one or more func-
tional devices provide one or more specific functionalities if
the one or more functional devices does indeed provide the
one or more specific functionalities and an operation 7345 for
directing the wearable computing device to monitor for the
one or more confirmation signals. For instance, the low-
power query signal transmit directing module 520 (see FIG.
5A) of the wearable computing device 10* of FIG. 4A or 4B
directing (e.g., controlling or instructing) the wearable com-
puting device 10* to transmit one or more low-power query
signals 84 (see, for example, FIG. 1C) to obtain or solicit from
one or more functional devices 20* that detects the one or
more low-power query signals 84 one or more confirmations
via one or more confirmation signals 85 (see, for example,
FIG. 1C) that indicate that the one or more functional devices
20* provide one or more specific functionalities if the one or
more functional devices 20* does indeed provide the one or
more specific functionalities, and the confirmation signal
monitor directing module 530 (see FIG. 5A) of the wearable
computing device 10* of FIG. 4A or 4B directing (e.g., con-
trolling or instructing) the wearable computing device 10* to
monitor for the one or more confirmation signals 85.

As further illustrated in FIGS. 7] and 7K operation 734a
may include one or more additional operations in various
alternative implementations. For example, in some imple-
mentations, operation 734a may further include or involve an
operation 735 for directing the wearable computing device to
transmit one or more low-power query signals to obtain, from
one or more functional devices that detects the one or more
low-power query signals, one or more confirmations via one
ormore confirmation signals that indicate that the one or more
functional devices provide one or more communication links
to beyond the communication range of the wearable comput-
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ing device if the one or more functional devices does indeed
provide the one or more communication links as illustrated,
for example, in FIG. 7J. For instance, the low-power query
signal transmit directing module 520 of the wearable com-
puting device 10* of FIG. 4A or 4B directing the wearable
computing device 10* to transmit one or more low-power
query signals 84 to obtain (e.g., solicit), from one or more
functional devices 20* that detects the one or more low-power
query signals 84, one or more confirmations via one or more
confirmation signals 85 that indicate that the one or more
functional devices 20* provide one or more communication
links 90* (e.g., Wi-Fi links and/or cellular network links) to
beyond the communication range 50* of the wearable com-
puting device 10* if the one or more functional devices 20*
does indeed provide the one or more communication links
90%*.

In some cases, operation 735 may, in turn, further include
an operation 736 for directing the wearable computing device
to transmit one or more low-power query signals to obtain,
from the one or more functional devices that detect the one or
more low-power query signals, one or more confirmations via
one or more confirmation signals that indicate the data trans-
fer rate of the one or more communication links provided by
the one or more functional devices. For instance, the low-
power query signal transmit directing module 520 of the
wearable computing device 10* of FIG. 4A or 4B directing
the wearable computing device 10* to transmit one or more
low-power query signals 84 to obtain or solicit, from the one
or more functional devices 20* that detect the one or more
low-power query signals 84, one or more confirmations via
one or more confirmation signals 85 that indicate the data
transfer rate of the one or more communication links 90*
provided by the one or more functional devices 20*. In some
cases, it may be desirable or preferable to use one or more
functional devices 20* that provide one or more communica-
tion links 90* having the highest data transfer rates.

Inthe same or alternative implementations, operation 734a
may include or involve an operation 737 for directing the
wearable computing device to transmit one or more low-
power query signals to obtain, from one or more functional
devices that detect the one or more low-power query signals,
one or more confirmations via one or more confirmation
signals that indicate that the one or more functional devices
provide one or more sensor functionalities if the one or more
functional devices does indeed provide the one or more sen-
sor functionalities. For instance, the low-power query signal
transmit directing module 520 of the wearable computing
device 10* of FIG. 4A or 4B directing (e.g., controlling or
instructing) the wearable computing device 10* to transmit
one or more low-power query signals 84 to obtain or solicit,
from one or more functional devices 20* that detect the one or
more low-power query signals 84, one or more confirmations
via one or more confirmation signals 85 that indicate that the
one or more functional devices 20* provide one or more
sensor functionalities (e.g., visual or movement sensor func-
tionalities to capture movements of a user’s hand) if the one or
more functional devices 20* does indeed provide the one or
more sensor functionalities.

In some implementations, operation 737 may further
include or involve an operation 738 for directing the wearable
computing device to transmit one or more low-power query
signals to obtain, from one or more functional devices that
detect the one or more low-power query signals, one or more
confirmations via one or more confirmation signals that indi-
cate that the one or more functional devices provide one or
more audio and/or visual sensor functionalities if the one or
more functional devices does indeed provide the one or more
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sensor functionalities. For instance, the low-power query sig-
nal transmit directing module 520 of the wearable computing
device 10* of FIG. 4A or 4B directing the wearable comput-
ing device 10* to transmit one or more low-power query
signals 84 to obtain or solicit, from one or more functional
devices 20* that detect the one or more low-power query
signals 84, one or more confirmations via one or more con-
firmation signals 85 that indicate that the one or more func-
tional devices 20* provide one or more audio and/or visual
sensor functionalities (e.g., visual and/or audio functional-
ities provided by cameras, microphones, etc.) if the one or
more functional devices 20* does indeed provide the one or
more sensor functionalities.

In some implementations, operation 737 may actually
include or involve an operation 739 for directing the wearable
computing device to transmit one or more low-power query
signals to obtain, from one or more functional devices that
detect the one or more low-power query signals, one or more
confirmations via one or more confirmation signals that indi-
cate that the one or more functional devices provide one or
more movement sensor functionalities if the one or more
functional devices does indeed provide the one or more sen-
sor functionalities. For instance, the low-power query signal
transmit directing module 520 of the wearable computing
device 10* of FIG. 4A or 4B directing the wearable comput-
ing device 10* to transmit one or more low-power query
signals 84 to obtain or solicit from one or more functional
devices 20* that detect the one or more low-power query
signals 84 one or more confirmations via one or more confir-
mation signals 85 that indicate that the one or more functional
devices 20* provide one or more movement sensor function-
alities (e.g., functionalities provided by accelerometers, iner-
tia sensors, gyroscope, etc.) if the one or more functional
devices 20* does indeed provide the one or more sensor
functionalities.

Turning now to FIG. 7K, in some implementations, opera-
tion 7344 may include or involve an operation 740 for direct-
ing the wearable computing device to transmit the one or
more low-power query signals to obtain, from the one or more
functional devices that detect the one or more low-power
query signals, one or more confirmations via the one or more
confirmation signals that indicate when can the one or more
functional devices provide the one or more specific function-
alities to the wearable computing device. For instance, the
low-power query signal transmit directing module 520 of the
wearable computing device 10* of FIG. 4A or 4B directing
the wearable computing device 10* to transmit (e.g., broad-
cast) the one or more low-power query signals 84 to obtain or
solicit from the one or more functional devices 20* that detect
the one or more low-power query signals 84 one or more
confirmations via the one or more confirmation signals 85
that indicate when can the one or more functional devices 20*
provide the one or more specific functionalities to the wear-
able computing device 10%*.

In the same or alternative implementations, operation 734a
may additionally or alternatively include an operation 741 for
directing the wearable computing device to transmit the one
or more low-power query signals to obtain, from the one or
more functional devices that detect the one or more low-
power query signals, one or more confirmations via the one or
more confirmation signals that indicate that the one or more
functional devices has access to one or more applications that
supports one or more applications included with the wearable
computing device. For instance, the low-power query signal
transmit directing module 520 of the wearable computing
device 10* of FIG. 4A or 4B directing the wearable comput-
ing device 10* to transmit the one or more low-power query
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signals 84 to obtain or solicit from the one or more functional
devices 20* that detect the one or more low-power query
signals 84 one or more confirmations via the one or more
confirmation signals 85 that indicate that the one or more
functional devices 20* has access to one or more applications
that support one or more applications (e.g., electronic mes-
saging applications) included with the wearable computing
device 10*.

Inthe same or alternative implementations, operation 734a
may additionally or alternatively include an operation 742 for
directing the wearable computing device to transmit the one
or more low-power query signals to obtain, from the one or
more functional devices that detects the one or more low-
power query signals, one or more confirmations via one or
more confirmation signals that indicate that the one or more
functional devices are associated with a user who is also
associated with the wearable computing device. For instance,
the low-power query signal transmit directing module 520 of
the wearable computing device 10* of FIG. 4A or 4B direct-
ing the wearable computing device 10* to transmit the one or
more low-power query signals 84 to obtain or solicit from the
one or more functional devices 20* that detects the one or
more low-power query signals 84 one or more confirmations
via one or more confirmation signals 85 that indicate that the
one or more functional devices 20* are associated with a user
who is also associated with the wearable computing device
10%.

Inthe same or alternative implementations, operation 734a
may additionally or alternatively include an operation 743 for
directing the wearable computing device to transmit the one
or more low-power query signals by directing a transceiver of
the wearable computing device to transmit the one or more
low-power query signals. For instance, the low-power query
signal transmit directing module 520 of the wearable com-
puting device 10* of FIG. 4A or 4B directing the wearable
computing device 10* to transmit the one or more low-power
query signals 84 by directing (e.g., controlling or instructing)
a transceiver 118 of the wearable computing device to trans-
mit the one or more low-power query signals 84.

Referring back to the functional device selecting operation
604 of FIG. 6, the functional device selecting operation 604
similar to the functional device presence detecting operation
602 of FIG. 6 may be executed in a number of different ways
in various alternative embodiments as illustrated, for
example, in FIGS. 8A, 8B, and 8C. In some cases, for
example, the functional device selecting operation 604 may
actually include or involve an operation 844 for selecting,
from the plurality of functional devices, the one or more
functional devices for providing to the wearable computing
device the one or more functionalities by selecting, from the
plurality of functional devices, one or more functional
devices that were determined to require least amount of trans-
mit power to communicate with by the wearable computing
device amongst the plurality of functional devices as illus-
trated in FIG. 8A. For instance, the functional device choos-
ing module 104* including the least communication power
requirement determining module 540 (see FIG. 5B) of the
wearable computing device 10* of FIG. 4A or 4B selecting,
from the plurality of functional devices 20*, the one or more
functional devices 20* for providing to the wearable comput-
ing device 10* the one or more functionalities by selecting or
choosing, from the plurality of functional devices 20* that
were detected as being present within the communication
range 50* of the wearable computing device 10*, one or more
functional devices 20* that were determined by the least
communication power requirement determining module 540
to require least amount of transmit power to communicate
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with by the wearable computing device 10* amongst the
plurality of functional devices 20%*.

In the same or alternative implementations, the functional
device selecting operation 604 may additionally or alterna-
tively include an operation 845 for selecting, from the plural-
ity of functional devices, the one or more functional devices
for providing to the wearable computing device the one or
more functionalities by selecting, from the plurality of func-
tional devices, one or more functional devices that were deter-
mined to provide earliest access to the one or more function-
alities amongst the plurality of functional devices. For
instance, the functional device choosing module 104* includ-
ing the earliest functionality access determining module 542
(see FIG. 5B) of the wearable computing device 10* of FIG.
4A or 4B selecting, from the plurality of functional devices
20%*, the one or more functional devices 20* for providing to
the wearable computing device 10* the one or more function-
alities by selecting or choosing, from the plurality of func-
tional devices 20* that were detected as being present within
the communication range 50* of the wearable computing
device 10%, one or more functional devices 20* that were
determined by the earliest functionality access determining
module 542 to provide earliest access to the one or more
functionalities amongst the plurality of functional devices
20%*.

In the same or alternative implementations, the functional
device selecting operation 604 may additionally or alterna-
tively include an operation 846 for selecting, from the plural-
ity of functional devices, the one or more functional devices
for providing to the wearable computing device the one or
more functionalities by selecting, from the plurality of func-
tional devices, the one or more functional devices based, at
least in part, on the one or more relative locations of the one
or more functional devices relative to the location of the
wearable computing device. For instance, the functional
device choosing module 104* including the relative device
location determining module 544 (see FIG. 5B) of the wear-
able computing device 10* of FIG. 4A or 4B selecting, from
the plurality of functional devices 20*, the one or more func-
tional devices 20* for providing to the wearable computing
device 10* the one or more functionalities by selecting or
choosing, from the plurality of functional devices 20* that
were detected as being present within the communication
range 50* of the wearable computing device 10*, the one or
more functional devices 20* based, at least in part, on deter-
mination made by the relative device location determining
module 544 of the one or more relative locations of the one or
more functional devices 20* relative to the location of the
wearable computing device 10%*.

In the same or alternative implementations, the functional
device selecting operation 604 may additionally or alterna-
tively include an operation 847 for selecting, from the plural-
ity of functional devices, the one or more functional devices
for providing to the wearable computing device the one or
more functionalities by selecting, from the plurality of func-
tional devices, one or more functional devices that are deter-
mined to be associated with a user who is also associated with
the wearable computing device. For instance, the functional
device choosing module 104* including the commonly asso-
ciated user determining module 546 (see FIG. 5B) of the
wearable computing device 10* of FIG. 4A or 4B selecting,
from the plurality of functional devices 20*, the one or more
functional devices 20* for providing to the wearable comput-
ing device 10* the one or more functionalities by selecting or
choosing, from the plurality of functional devices 20* that
were detected as being present within the communication
range 50* ofthe wearable computing device 10*, one or more
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functional devices 20* that are determined by the commonly
associated user determining module 546 to be associated with
a user who is also associated with the wearable computing
device 10*. In some implementations, the determination as to
whether the one or more functional devices 20* are com-
monly associated with a user who is associated with the
wearable computing device 10* may be executed by querying
the one or more functional devices 20* to confirm that the one
or more functional devices 20* are, in fact, commonly asso-
ciated with a common user.

In the same or alternative implementations, the functional
device selecting operation 604 may additionally or alterna-
tively include an operation 848 for selecting, from the plural-
ity of functional devices, the one or more functional devices
for providing to the wearable computing device the one or
more functionalities by selecting, from the plurality of func-
tional devices, one or more functional devices that were deter-
mined to provide highest data transfer rate or rates to the
wearable computing device amongst the plurality of func-
tional devices. For instance, the functional device choosing
module 104* including the highest data transfer rate deter-
mining module 548 (see FIG. 5B) of the wearable computing
device 10* of FIG. 4A or 4B selecting, from the plurality of
functional devices 20*, the one or more functional devices
20* for providing to the wearable computing device 10* the
one or more functionalities by selecting or choosing, from the
plurality of functional devices 20* that were detected as being
present within the communication range 50* of the wearable
computing device 10%*, one or more functional devices 20*
that were determined by the highest data transfer rate deter-
mining module 548 to provide highest data transfer rate or
rates to the wearable computing device 10* amongst the
plurality of functional devices 20%*.

In the same or alternative implementations, the functional
device selecting operation 604 may additionally or alterna-
tively include an operation 849 for selecting, from the plural-
ity of functional devices, the one or more functional devices
for providing to the wearable computing device the one or
more functionalities by selecting, from the plurality of func-
tional devices, one or more functional devices that were deter-
mined to have at least access to one or more applications that
supports one or more applications included with the wearable
computing device. For instance, the functional device choos-
ing module 104* including the application access determin-
ing module 550 (see FIG. 5B) of the wearable computing
device 10* of FIG. 4A or 4B selecting, from the plurality of
functional devices 20*, the one or more functional devices
20* for providing to the wearable computing device 10* the
one or more functionalities by selecting or choosing, from the
plurality of functional devices 20* that were detected as being
present within the communication range 50* of the wearable
computing device 10%*, one or more functional devices 20*
that were determined by the application access determining
module 550 to have at least access to one or more applications
(e.g., hand gesture recognition application) that supports one
or more applications (e.g., hand gesture recognition applica-
tion) included with the wearable computing device 10*.

In the same or alternative implementations, the functional
device selecting operation 604 may additionally or alterna-
tively include an operation 850 for selecting, from the plural-
ity of functional devices, the one or more functional devices
for providing to the wearable computing device the one or
more functionalities by selecting, from the plurality of func-
tional devices, one or more functional devices based, at least
in part, on sensor data provided by the one or more functional
devices as illustrated in FIG. 8B. For instance, the functional
device choosing module 104* including the sensor data based
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functional device choosing module 552 (see FIG. 5B) of the
wearable computing device 10* of FIG. 4A or 4B selecting,
from the plurality of functional devices 20*, the one or more
functional devices 20* for providing to the wearable comput-
ing device 10* the one or more functionalities by selecting or
choosing by the sensor data based functional device choosing
module 552, from the plurality of functional devices 20* that
were detected as being present within the communication
range 50* ofthe wearable computing device 10*, one or more
functional devices 20* that are selected based, at least in part,
on sensor data provided by the one or more functional devices
20%*.

As further illustrated in FI1G. 8B, operation 850 may further
include or involve one or more additional operations in vari-
ous alternative implementations, including, in some cases, an
operation 851 for selecting, from the plurality of functional
devices, the one or more functional devices based, at least in
part, on sensor data provided by the one or more functional
devices that was determined to include image data of at least
aportion of a user’s body. For instance, the sensor data based
functional device choosing module 552 of'the wearable com-
puting device 10* of FIG. 4A or 4B selecting or choosing,
from the plurality of functional devices 20* that were
detected as being present within the communication range
50* of the wearable computing device 10*, the one or more
functional devices 20* that are selected based, at least in part,
on sensor data provided by the one or more functional devices
20* that was determined to include image data of at least a
portion of a user’s body.

In various implementations, operation 851 may further
include or involve an operation 852 for selecting, from the
plurality of functional devices, the one or more functional
devices based, at least in part, on sensor data provided by the
one or more functional devices that was determined to include
image data of at least one or more portions of one or more
limbs of the user. For instance, the sensor data based func-
tional device choosing module 552 of the wearable comput-
ing device 10* of FIG. 4A or 4B selecting or choosing, from
the plurality of functional devices 20* that were detected as
being present within the communication range 50* of the
wearable computing device 10*, the one or more functional
devices 20* that are selected based, at least in part, on sensor
data provided by the one or more functional devices 20* that
was determined to include image data of at least one or more
portions of one or more limbs of the user.

Operation 852 may, in turn, further include or involve an
operation 853 for selecting, from the plurality of functional
devices, the one or more functional devices based, at least in
part, on sensor data provided by the one or more functional
devices that was determined to include image data of one or
more movements of the at least one or more portions of the
one or more limbs of the user. For instance, the sensor data
based functional device choosing module 552 of the wearable
computing device 10* of FIG. 4A or 4B selecting, from the
plurality of functional devices 20* that were detected as being
present within the communication range 50* of the wearable
computing device 10%*, the one or more functional devices
20* that are selected based, at least in part, on sensor data
provided by the one or more functional devices 20* that was
determined to include image data of one or more movements
(e.g., hand/finger gestures) of the at least one or more portions
of the one or more limbs of the user.

In the same or alternative implementations, operation 850
may include or involve an operation 854 for selecting, from
the plurality of functional devices, the one or more functional
devices based, at least in part, on sensor data provided by the
one or more functional devices that was determined to include
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data indicative of one or more electrical activities of one or
more muscles of one or more limbs of a user. For instance, the
sensor data based functional device choosing module 552 of
the wearable computing device 10* of FIG. 4A or 4B select-
ing or choosing, from the plurality of functional devices 20*
that were detected as being present within the communication
range 50* of the wearable computing device 10*, the one or
more functional devices 20* that are selected based, atleastin
part, on sensor data provided by the one or more functional
devices 20* that was determined to include data indicative of
one or more electrical activities of one or more muscles of one
or more limbs of a user.

In the same or alternative implementations, operation 850
may include or involve an operation 855 for selecting, from
the plurality of functional devices, the one or more functional
devices based, at least in part, on sensor data provided by the
one or more functional devices that was determined to include
audio data. For instance, the sensor data based functional
device choosing module 552 of the wearable computing
device 10* of FIG. 4A or 4B selecting or choosing, from the
plurality of functional devices 20* that were detected as being
present within the communication range 50* of the wearable
computing device 10*, the one or more functional devices
20* that are selected based, at least in part, on sensor data
provided by the one or more functional devices 20* that was
determined to include audio data.

In some cases, operation 855 may, in turn, further include
orinvolve an operation 856 for selecting, from the plurality of
functional devices, the one or more functional devices based,
at least in part, on sensor data provided by the one or more
functional devices that was determined to include audio data
associated with a voice of a user who is further associated
with the wearable computing device. For instance, the sensor
data based functional device choosing module 552 of the
wearable computing device 10* of FIG. 4A or 4B selecting,
from the plurality of functional devices 20* that were
detected as being present within the communication range
50* of the wearable computing device 10%*, the one or more
functional devices 20* based, at least in part, on sensor data
provided by the one or more functional devices 20* that was
determined to include audio data associated with a voice of a
user who is further associated with the wearable computing
device 10*.

Referring now to FIG. 8C, in some implementations, the
functional device selecting operation 604 may include or
involve an operation 857 for selecting, from the plurality of
functional devices, the one or more functional devices for
providing to the wearable computing device one or more
functionalities by selecting, from the plurality of functional
devices, one or more functional devices for providing to the
wearable computing device one or more communication
links to beyond the communication range of the wearable
computing device. For instance, the functional device choos-
ing module 104* including the communication link providing
device choosing module 554 (see FIG. 5B) of the wearable
computing device 10* of FIG. 4A or 4B selecting or choos-
ing, from the plurality of functional devices 20*, the one or
more functional devices 20* for providing to the wearable
computing device 10* one or more functionalities by having
the communication link providing device choosing module
554 select or choose, from the plurality of functional devices
20* that were detected as being present within the communi-
cation range 50* of the wearable computing device 10%, one
or more functional devices 20* for providing to the wearable
computing device 10* one or more communication links 90*
to beyond the communication range 50* of the wearable
computing device 10*.
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In the same or alternative implementations, the functional
device selecting operation 604 may include an operation 858
for selecting, from the plurality of functional devices, the one
or more functional devices for providing to the wearable
computing device one or more functionalities by selecting,
from the plurality of functional devices, one or more func-
tional devices for providing to the wearable computing device
one or more sensor functionalities. For instance, the func-
tional device choosing module 104* including the sensor
functionality providing device choosing module 556 (see
FIG. 5B) of the wearable computing device 10* of FIG. 4A or
4B selecting, from the plurality of functional devices 20*, the
one or more functional devices 20* for providing to the wear-
able computing device 10* one or more functionalities by
having the sensor functionality providing device choosing
module 556 select or choose, from the plurality of functional
devices 20* that were detected as being present within the
communication range 50* of the wearable computing device
10*, one or more functional devices 20* for providing to the
wearable computing device 10* one or more sensor function-
alities.

As further illustrated in FI1G. 8C, operation 858 may further
include one or more additional operations in various alterna-
tive implementations including, in some cases, an operation
859 for selecting, from the plurality of functional devices, one
or more functional devices for providing to the wearable
computing device sensor data collected by one or more sen-
sors. For instance, the sensor functionality providing device
choosing module 556 of the wearable computing device 10*
of FIG. 4A or 4B selecting or choosing, from the plurality of
functional devices 20* that were detected as being present
within the communication range 50* of the wearable com-
puting device 10*, one or more functional devices 20* for
providing to the wearable computing device 10* sensor data
collected by one or more sensors.

In some implementations, operation 859 may further
include or involve an operation 860 for selecting, from the
plurality of functional devices, one or more functional
devices for providing to the wearable computing device audio
and/or image data collected by one or more sensors. For
instance, the sensor functionality providing device choosing
module 556 ofthe wearable computing device 10* of FIG.4A
or 4B selecting, from the plurality of functional devices 20*
that were detected as being present within the communication
range 50* ofthe wearable computing device 10*, one or more
functional devices 20* for providing to the wearable comput-
ing device 10* audio and/or image data collected by one or
more sensors (e.g., audio sensors and/or visual sensors such
as cameras).

In some implementations, operation 859 may additionally
or alternatively include an operation 861 for selecting, from
the plurality of functional devices, one or more functional
devices for providing to the wearable computing device
movement data collected by one or more sensors. For
instance, the sensor functionality providing device choosing
module 556 ofthe wearable computing device 10* of FIG.4A
or 4B selecting, from the plurality of functional devices 20*
that were detected as being present within the communication
range 50* ofthe wearable computing device 10*, one or more
functional devices 20* for providing to the wearable comput-
ing device 10* movement data collected by one or more
sensors (e.g., accelerometers, inertia sensors, gyroscope, and
so forth).

In some implementations, operation 859 may additionally
or alternatively include an operation 862 for selecting, from
the plurality of functional devices, one or more functional
devices for providing to the wearable computing device elec-
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trical activity data associated with one or more muscles of a
user collected by one or more sensors. For instance, the sensor
functionality providing device choosing module 556 of the
wearable computing device 10* of FIG. 4A or 4B selecting,
from the plurality of functional devices 20* that were
detected as being present within the communication range
50* of the wearable computing device 10*, one or more
functional devices 20* for providing to the wearable comput-
ing device 10* electrical activity data associated with one or
more muscles of a user collected by one or more sensors (e.g.,
electromyography or EMG sensors).

Turning now to FIG. 9 illustrating another operational flow
900. Operational flow 900 includes certain operations that
mirror the operations included in operational flow 600 of F1G.
6. These operations include a functional device presence
detecting operation 902 and a functional device selecting
operation 904 that corresponds to and mirrors the functional
device presence detecting operation 602 and the functional
device selecting operation 604, respectively, of FIG. 6.

In addition, operational flow 900 further includes a func-
tionality use facilitating operation 906 for facilitating the
wearable computing device to use the one or more function-
alities provided by the one or more selected functional
devices. For instance the functionality use facilitating module
106* of the wearable computing device 10* of FIG. 4A or 4B
facilitating the wearable computing device 10* to use the one
or more functionalities (e.g., communication links 90* to
beyond the communication range 50* of the wearable com-
puting device 10*, sensor functionalities, and so forth) pro-
vided by the one or more selected functional devices 20*. As
will be further described herein with respect to FIGS. 10A,
10B, and 10C, there are a number of ways to facilitate the
wearable computing device 10* to use the one or more func-
tionalities provided by the one or more selected functional
devices 20*. In some implementations, the wearable comput-
ing device 10* may be facilitated in using the one or more
functionalities provided by the one or more selected func-
tional devices 20* by having the functionality use facilitating
module 106* of the wearable computing device 10* direct the
wearable computing device 10* to use an antenna 130 to
communicate with the one or more functional devices 20*.

For example, in some implementations, the functionality
use facilitating operation 906 of FIG. 9 may actually include
or involve an operation 1064 for facilitating the wearable
computing device to use the one or more functionalities pro-
vided by the one or more selected functional devices by
facilitating the wearable computing device to transmit out-
bound data, via one or more low-power outbound data sig-
nals, to the one or more selected functional devices as illus-
trated in FIG. 10A. For instance, the functionality use
facilitating module 106* including the outbound data trans-
mit facilitating module 558 (see FIG. 5C) of the wearable
computing device 10* of FIG. 4A or 4B facilitating the wear-
able computing device 10* to use the one or more function-
alities provided by the one or more selected functional
devices 20* by having the outbound data transmit facilitating
module 558 to facilitate the wearable computing device 10*
to transmit outbound data 86* (see, for example, FIG. 1D),
via one or more low-power outbound data signals (e.g., data
signals that are wirelessly transmitted with less than or equal
to 0.8 milliwatt of transmit power), to the one or more selected
functional devices 20%*.

As further illustrated in FIG. 10A, operation 1064 may
further include one or more additional operations in various
alternative implementations including, in some cases, an
operation 1065 for facilitating the wearable computing
device to transmit outbound data, via the one or more low-
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power outbound data signals, to the one or more selected
functional devices by directing one or more components
including a transceiver of the wearable computing device to
transmit the outbound data, via the one or more low-power
outbound data signals, to the one or more selected functional
devices. For instance, the outbound data transmit facilitating
module 558 including the component directing module 560
(see FIG. 5C) of the wearable computing device 10* of FIG.
4A or 4B facilitating the wearable computing device 10* to
transmit outbound data 86%*, via the one or more low-power
outbound data signals, to the one or more selected functional
devices 20* by having the component directing module 560
direct (e.g., control or instruct) one or more components
including a transceiver 118 of the wearable computing device
10* to transmit the outbound data 86*, via the one or more
low-power outbound data signals (e.g. low-power signals 70*
that are wirelessly transmitted using less than or equal to 0.8
milliwatt of transmit power), to the one or more selected
functional devices 20%.

In the same or alternative implementations, operation 1064
may additionally or alternatively include an operation 1066
for facilitating the wearable computing device to transmit the
outbound data, via the one or more low-power outbound data
signals, to the one or more selected functional devices by
facilitating the wearable computing device to transmit the
outbound data, via one or more low-power outbound data
signals that are transmitted using less than 0.8 milliwatt of
transmit power, to the one or more selected functional
devices. For instance, the outbound data transmit facilitating
module 558 ofthe wearable computing device 10* of FIG.4A
or 4B facilitating the wearable computing device 10* to trans-
mit the outbound data 86*, via the one or more low-power
outbound data signals, to the one or more selected functional
devices 20* by facilitating the wearable computing device
10* (e.g., directing or instructing one or more components of
the wearable computing device 10*) to transmit the outbound
data 86*, via one or more low-power outbound data signals
that are transmitted using less than 0.8 milliwatt of transmit
power (e.g., 0.5 or 0.3 milliwatt of transmit power), to the one
or more selected functional devices 20*.

In the same or alternative implementations, operation 1064
may additionally or alternatively include an operation 1067
for facilitating the wearable computing device to transmit the
outbound data, via the one or more low-power outbound data
signals, to the one or more selected functional devices by
facilitating the wearable computing device to transmit one or
more low-power outbound data signals embodying one or
more requests and/or commands to the one or more selected
functional devices. For instance, the outbound data transmit
facilitating module 558 of the wearable computing device
10* of FIG. 4A or 4B facilitating the wearable computing
device 10* to transmit the outbound data 86*, via the one or
more low-power outbound data signals (e.g., data signals
wirelessly transmitted using less than 1 milliwatt of transmit
power), to the one or more selected functional devices 20* by
facilitating the wearable computing device 10* to transmit
one or more low-power outbound data signals embodying one
or more requests and/or commands to the one or more
selected functional devices 20%*.

In some implementations, operation 1067 may actually
include or involve an operation 1068 for facilitating the wear-
able computing device to transmit one or more low-power
outbound data signals embodying one or more sensor
requests and/or commands to the one or more selected func-
tional devices. For instance, the outbound data transmit facili-
tating module 558 of the wearable computing device 10* of
FIG. 4A or 4B facilitating the wearable computing device 10*
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to transmit one or more low-power outbound data signals
(e.g., data signals wirelessly transmitted using less than 1
milliwatt of transmit power) embodying one or more sensor
requests and/or commands (e.g., request/command to acti-
vate or control a sensor) to the one or more selected functional
devices 20%*.

In some implementations, operation 1067 may actually
include or involve an operation 1069 for facilitating the wear-
able computing device to transmit one or more low-power
outbound data signals embodying one or more application
requests and/or commands to the one or more selected func-
tional devices. For instance, the outbound data transmit facili-
tating module 558 of the wearable computing device 10* of
FIG. 4A or 4B facilitating the wearable computing device 10*
to transmit one or more low-power outbound data signals
(e.g., data signals wirelessly transmitted using less than 1
milliwatt of transmit power) embodying one or more appli-
cation requests and/or commands (e.g., requests/commands
for web-based applications including email or instant mes-
saging applications, or gaming applications) to the one or
more selected functional devices 20%*.

Referring to FIG. 10B, in some implementations, opera-
tion 1064 may include an operation 1070 for facilitating the
wearable computing device to transmit the outbound data, via
the one or more low-power outbound data signals, to the one
or more selected functional devices by facilitating the wear-
able computing device to transmit one or more low-power
outbound data signals embodying one or more electronic
messages to the one or more selected functional devices. For
instance, the outbound data transmit facilitating module 558
of the wearable computing device 10* of FIG. 4A or 4B
facilitating the wearable computing device 10* to transmit the
outbound data 86*, via the one or more low-power outbound
data signals, to the one or more selected functional devices
20* by {facilitating the wearable computing device 10* to
transmit one or more low-power outbound data signals (e.g.,
data signals wirelessly transmitted using less than 1 milliwatt
of transmit power) embodying one or more electronic mes-
sages (e.g., emails, telephone calls, IM, text messages, and so
forth) to the one or more selected functional devices 20%*.

In some implementations, operation 1064 may include an
operation 1071 for facilitating the wearable computing
device to transmit the outbound data, via the one or more
outbound low-power data signals, to the one or more selected
functional devices by facilitating the wearable computing
device to transmit one or more low-power outbound data
signals embodying one or more addresses and/or links to the
one or more selected functional devices. For instance, the
outbound data transmit facilitating module 558 of the wear-
able computing device 10* of FIG. 4A or 4B facilitating the
wearable computing device 10* to transmit the outbound data
86*, via the one or more outbound low-power data signals, to
the one or more selected functional devices 20* by facilitating
the wearable computing device 10* to transmit one or more
low-power outbound data signals (e.g., data signals wire-
lessly transmitted using less than 1 milliwatt of transmit
power) embodying one or more addresses (e.g., uniform
resource locators or URLs) and/or links (e.g., hyperlinks) to
the one or more selected functional devices 20*.

In some implementations, the functionality use facilitating
operation 906 may include or involve an operation 1072 for
facilitating the wearable computing device to use the one or
more functionalities provided by the one or more selected
functional devices by facilitating the wearable computing
device to receive inbound data, via one or more inbound data
signals, from the one or more selected functional devices. For
instance, the functionality use facilitating module 106*
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including the inbound data receive facilitating module 562
(see FIG. 5C) of the wearable computing device 10* of FIG.
4A or 4B facilitating the wearable computing device 10* to
use the one or more functionalities provided by the one or
more selected functional devices 20* by having the inbound
data receive facilitating module 562 facilitate (e.g., direct,
configure, or instruct) the wearable computing device 10* to
receive inbound data 87* (see, for example, FIG. 1D), via one
or more inbound data signals, from the one or more selected
functional devices 20%.

As further illustrated in FIGS. 10B and 10C, operation
1072 may further include one or more additional operations
in various alternative implementations including, in some
cases, an operation 1073 for facilitating the wearable com-
puting device to receive the inbound data, via the one or more
inbound data signals, from the one or more selected func-
tional devices by directing one or more components including
atransceiver of the wearable computing device to receive the
inbound data, via the one or more inbound data signals, from
the one or more selected functional devices. For instance, the
inbound data receive facilitating module 562 including the
component directing module 564 (see FIG. 5C) of the wear-
able computing device 10* of FIG. 4A or 4B facilitating the
wearable computing device 10* to receive the inbound data
87%*, via the one or more inbound data signals, from the one or
more selected functional devices by having the component
directing module 564 direct (e.g., control or instruct) one or
more components including a transceiver 118 of the wearable
computing device 10* to receive the inbound data 87*, viathe
one or more inbound data signals, from the one or more
selected functional devices 20%*.

In the same or alternative implementations, operation 1072
may additionally or alternatively include or involve an opera-
tion 1074 for facilitating the wearable computing device to
receive the inbound data, via the one or more inbound data
signals, from the one or more selected functional devices by
facilitating the wearable computing device to receive one or
more inbound data signals embodying data associated with
one or more messages that originated from beyond the com-
munication range of the wearable computing device from the
one or more selected functional devices. For instance, the
inbound data receive facilitating module 562 of the wearable
computing device 10* of FIG. 4A or 4B facilitating the wear-
able computing device 10* to receive the inbound data 87*,
via the one or more inbound data signals, from the one or
more selected functional devices 20* by facilitating the wear-
able computing device 10* to receive one or more inbound
data signals embodying data associated with one or more
messages that originated from beyond the communication
range 50* of the wearable computing device 10* (e.g., one or
more messages that originated from the Internet) from the one
or more selected functional devices 20*.

In some cases, operation 1074 may further include or
involve an operation 1075 for facilitating the wearable com-
puting device to receive one or more inbound data signals that
embodies data associated with the one or more messages that
originated from beyond the communication range of the
wearable computing device from the one or more selected
functional devices by {facilitating the wearable computing
device to receive one or more inbound data signals that indi-
cate at least a sender name, telephone number, subject head-
ing, and/or content associated with one or more messages that
originated from beyond the communication range of the
wearable computing device from the one or more selected
functional devices. For instance, the inbound data receive
facilitating module 562 of the wearable computing device
10* of FIG. 4A or 4B facilitating the wearable computing
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device 10* to receive one or more inbound data signals (e.g.,
inbound data 87* of FIG. 1D) that embodies data associated
with the one or more messages that originated from beyond
the communication range 50* of the wearable computing
device 10* from the one or more selected functional devices
20* by {facilitating the wearable computing device 10* to
receive one or more inbound data signals that indicate at least
a sender name, telephone number, subject heading, and/or
content associated with one or more messages that originated
from beyond the communication range 50* of the wearable
computing device 10* from the one or more selected func-
tional devices 20*.

In some implementations, operation 1072 may addition-
ally or alternatively include or involve an operation 1076 for
facilitating the wearable computing device to receive the
inbound data, via the one or more inbound data signals, from
the one or more selected functional devices by facilitating the
wearable computing device to receive one or more inbound
data signals embodying one or more sensor acquired data
from the one or more selected functional devices. For
instance, the inbound data receive facilitating module 562 of
the wearable computing device 10* of FIG. 4A or 4B facili-
tating the wearable computing device 10* to receive the
inbound data 87*, via the one or more inbound data signals,
from the one or more selected functional devices 20* by
facilitating the wearable computing device 10* to receive one
or more inbound data signals (e.g., inbound data 87* of FIG.
1D) embodying one or more sensor acquired data (e.g., GPS
acquired data, audio and/or visual sensor acquired data,
movement sensor acquired data, and so forth) from the one or
more selected functional devices 20%*.

In some cases, operation 1076 may, in turn, further include
an operation 1077 for facilitating the wearable computing
device to receive the one or more inbound data signals
embodying the one or more sensor acquired data from the one
or more selected functional devices by facilitating the wear-
able computing device to receive one or more inbound data
signals embodying one or more audio sensor data, visual
sensor data, and/or movement sensor data from the one or
more selected functional devices. For instance, the inbound
data receive facilitating module 562 of the wearable comput-
ing device 10* of FIG. 4A or 4B facilitating the wearable
computing device 10* to receive the one or more inbound data
signals (e.g., inbound data 87* of FIG. 1D) embodying the
one or more sensor acquired data from the one or more
selected functional devices 20* by facilitating the wearable
computing device 10* to receive one or more inbound data
signals embodying one or more audio sensor data, visual
sensor data, and/or movement sensor data from the one or
more selected functional devices 20%*.

In some implementations, operation 1072 may addition-
ally or alternatively include an operation 1078 for facilitating
the wearable computing device to receive the inbound data,
via the one or more inbound data signals, from the one or
more selected functional devices by facilitating the wearable
computing device to receive one or more inbound data signals
embodying consumer media that originated from beyond the
communication range of the wearable computing device from
the one or more selected functional devices. For instance, the
inbound data receive facilitating module 562 of the wearable
computing device 10* of FIG. 4A or 4B facilitating the wear-
able computing device 10* to receive the inbound data 87*,
via the one or more inbound data signals, from the one or
more selected functional devices 20* by facilitating the wear-
able computing device 10* to receive one or more inbound
data signals (e.g., inbound data 87* of FIG. 1D) embodying
consumer media (e.g., an electronic novel, digital movie, and
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so forth) that originated from beyond the communication
range 50* of the wearable computing device 10* from the one
or more selected functional devices 20*.

In some implementations, operation 1072 may addition-
ally or alternatively include an operation 1079 for facilitating
the wearable computing device to receive the inbound data,
via the one or more inbound data signals, from the one or
more selected functional devices by facilitating the wearable
computing device to receive one or more inbound data signals
embodying news content that originated from beyond the
communication range of the wearable computing device from
the one or more selected functional devices. For instance, the
inbound data receive facilitating module 562 of the wearable
computing device 10* of FIG. 4A or 4B facilitating the wear-
able computing device 10* to receive the inbound data 87*,
via the one or more inbound data signals, from the one or
more selected functional devices 20* by facilitating the wear-
able computing device 10* to receive one or more inbound
data signals (e.g., inbound data 87* of FIG. 1D) embodying
news content that originated from beyond the communication
range 50* of the wearable computing device 10* from the one
or more selected functional devices 20*.

In some implementations, operation 1072 may addition-
ally or alternatively include an operation 1080 for facilitating
the wearable computing device to receive the inbound data,
via the one or more inbound data signals, from the one or
more selected functional devices by facilitating the wearable
computing device to receive one or more inbound data signals
embodying data for generating one or more graphical user
interfaces (GUIs) from the one or more selected functional
devices. For instance, the inbound data receive facilitating
module 562 ofthe wearable computing device 10* of FIG. 4A
or 4B facilitating the wearable computing device 10* to
receive the inbound data 87%*, via the one or more inbound
data signals, from the one or more selected functional devices
20* by {facilitating the wearable computing device 10* to
receive one or more inbound data signals (e.g., inbound data
87* of FIG. 1D) embodying data for generating one or more
graphical user interfaces (GUIs) from the one or more
selected functional devices 20%*.

While particular aspects of the present subject matter
described herein have been shown and described, it will be
apparent to those skilled in the art that, based upon the teach-
ings herein, changes and modifications may be made without
departing from the subject matter described herein and its
broader aspects and, therefore, the appended claims are to
encompass within their scope all such changes and modifica-
tions as are within the true spirit and scope of the subject
matter described herein. It will be understood by those within
the art that, in general, terms used herein, and especially in the
appended claims (e.g., bodies of the appended claims) are
generally intended as “open” terms (e.g., the term “including”
should be interpreted as “including but not limited to,” the
term “having” should be interpreted as “having at least,” the
term “includes” should be interpreted as “includes but is not
limited to,” etc.).

It will be further understood by those within the art that if
a specific number of an introduced claim recitation is
intended, such an intent will be explicitly recited in the claim,
and in the absence of such recitation no such intent is present.
For example, as an aid to understanding, the following
appended claims may contain usage of the introductory
phrases “at least one” and “one or more” to introduce claim
recitations. However, the use of such phrases should not be
construed to imply that the introduction of a claim recitation
by the indefinite articles “a” or “an” limits any particular
claim containing such introduced claim recitation to claims
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containing only one such recitation, even when the same
claim includes the introductory phrases “one or more” or “at
least one” and indefinite articles such as “a” or “an” (e.g., “a”
and/or “an” should typically be interpreted to mean “at least
one” or “one or more”); the same holds true for the use of
definite articles used to introduce claim recitations. In addi-
tion, even if a specific number of an introduced claim recita-
tion is explicitly recited, those skilled in the art will recognize
that such recitation should typically be interpreted to mean at
least the recited number (e.g., the bare recitation of “two
recitations,” without other modifiers, typically means at least
two recitations, or two or more recitations).

Furthermore, in those instances where a convention analo-
gous to “at least one of A, B, and C, etc.” is used, in general
such a construction is intended in the sense one having skill in
the art would understand the convention (e.g., “a system
having at least one of A, B, and C” would include but not be
limited to systems that have A alone, B alone, C alone, A and
B together, A and C together, B and C together, and/or A, B,
and C together, etc.). In those instances where a convention
analogous to “at least one of A, B, or C, etc.” is used, in
general such a construction is intended in the sense one hav-
ing skill in the art would understand the convention (e.g., “a
system having at least one of A, B, or C”” would include but
not be limited to systems that have A alone, B alone, C alone,
A and B together, A and C together, B and C together, and/or
A, B, and C together, etc.). It will be further understood by
those within the art that typically a disjunctive word and/or
phrase presenting two or more alternative terms, whether in
the description, claims, or drawings, should be understood to
contemplate the possibilities of including one of the terms,
either of the terms, or both terms unless context dictates
otherwise. For example, the phrase “A or B” will be typically
understood to include the possibilities of “A” or “B” or “A and
B>

With respect to the appended claims, those skilled in the art
will appreciate that recited operations therein may generally
be performed in any order. Also, although various operational
flows are presented in a sequence(s), it should be understood
that the various operations may be performed in other orders
than those which are illustrated, or may be performed con-
currently. Examples of such alternate orderings may include
overlapping, interleaved, interrupted, reordered, incremental,
preparatory, supplemental, simultaneous, reverse, or other
variant orderings, unless context dictates otherwise. Further-
more, terms like “responsive to,” “related to,” or other past-
tense adjectives are generally not intended to exclude such
variants, unless context dictates otherwise.

This application may make reference to one or more trade-
marks, e.g., a word, letter, symbol, or device adopted by one
manufacturer or merchant and used to identify and/or distin-
guish his or her product from those of others. Trademark
names used herein are set forth in such language that makes
clear their identity, that distinguishes them from common
descriptive nouns, that have fixed and definite meanings, or,
in many if not all cases, are accompanied by other specific
identification using terms not covered by trademark. In addi-
tion, trademark names used herein have meanings that are
well-known and defined in the literature, or do not refer to
products or compounds for which knowledge of one or more
trade secrets is required in order to divine their meaning. All
trademarks referenced in this application are the property of
their respective owners, and the appearance of one or more
trademarks in this application does not diminish or otherwise
adversely affect the validity of the one or more trademarks.
All trademarks, registered or unregistered, that appear in this
application are assumed to include a proper trademark sym-
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bol, e.g., the circle R or bracketed capitalization (e.g., [trade-
mark name]), even when such trademark symbol does not
explicitly appear next to the trademark. To the extent a trade-
mark is used in a descriptive manner to refer to a product or
process, that trademark should be interpreted to represent the
corresponding product or process as of the date of the filing of
this patent application.

Throughout this application, the terms “in an embodi-

2 <c 2 < 2 <

ment,” “in one embodiment,” “in some embodiments,” “in
several embodiments,” “in at least one embodiment,” “in
various embodiments,” and the like, may be used. Each of
these terms, and all such similar terms should be construed as
“in at least one embodiment, and possibly but not necessarily
all embodiments,” unless explicitly stated otherwise. Specifi-
cally, unless explicitly stated otherwise, the intent of phrases
like these is to provide non-exclusive and non-limiting
examples of implementations of the invention. The mere
statement that one, some, or may embodiments include one or
more things or have one or more features, does not imply that
all embodiments include one or more things or have one or
more features, but also does not imply that such embodiments
must exist. It is a mere indicator of an example and should not
be interpreted otherwise, unless explicitly stated as such.

Those skilled in the art will appreciate that the foregoing
specific exemplary processes and/or devices and/or technolo-
gies are representative of more general processes and/or
devices and/or technologies taught elsewhere herein, such as
in the claims filed herewith and/or elsewhere in the present
application.

What is claimed is:

1. A system, comprising:

afunctional device presence sensing module configured to
sense presence of a plurality of functional devices within
communication range of a wearable computing device,
the communication range of the wearable computing
device being a spatial volume that includes the wearable
computing device and being externally defined by an
enveloping boundary, where low-power signals trans-
mitted by the wearable computing device being discern-
ible over background noise within the enveloping
boundary and not discernible over background noise
outside the enveloping boundary;

a functional device choosing module configured to choose,
from the plurality of functional devices that were sensed
to be within the communication range of the wearable
computing device, one or more functional devices for
providing to the wearable computing device one or more
functionalities; and

a functionality use facilitating module configured to facili-
tate the wearable computing device to use the one or
more functionalities provided by the one or more chosen
functional devices.

2. The system of claim 1, wherein said functional device
presence sensing module configured to sense presence of a
plurality of functional devices within communication range
of'a wearable computing device, the communication range of
the wearable computing device being a spatial volume that
includes the wearable computing device and being externally
defined by an enveloping boundary, where low-power signals
transmitted by the wearable computing device being discern-
ible over background noise within the enveloping boundary
and not discernible over background noise outside the envel-
oping boundary comprises:

afunctional device presence sensing module configured to
sense presence of a plurality of functional devices within
the communication range of the wearable computing
device based, at least in part, on plurality of signals
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transmitted by the plurality of functional devices and
received by the wearable computing device.

3. The system of claim 2, wherein said functional device
presence sensing module configured to sense presence of a
plurality of functional devices within the communication
range of the wearable computing device based, at least in part,
on plurality of signals transmitted by the plurality of func-
tional devices and received by the wearable computing device
comprises:

a low-power prompting signal broadcast directing module
configured to direct the wearable computing device to
broadcast one or more low-power prompting signals that
are designed to, when one or more functional devices
detect the one or more low-power prompting signals,
prompt the one or more functional devices to generate
one or more responsive signals to acknowledge detec-
tion by the one or more functional devices of the one or
more low-power prompting signals; and

aresponsive signal monitor directing module configured to
direct the wearable computing device to monitor for the
plurality of signals, the plurality of signals being a plu-
rality of responsive signals that acknowledges that the
plurality of functional devices detected the one or more
low-power prompting signals.

4. The system of claim 3, wherein said low-power prompt-
ing signal broadcast directing module configured to direct the
wearable computing device to broadcast one or more low-
power prompting signals that are designed to, when one or
more functional devices detect the one or more low-power
prompting signals, prompt the one or more functional devices
to generate one or more responsive signals to acknowledge
detection by the one or more functional devices of the one or
more low-power prompting signals comprises:

a low-power prompting signal broadcast directing module
configured to direct the wearable computing device to
broadcast the one or more low-power prompting signals
using less than 0.8 milliwatt of transmit power.

5. The system of claim 3, wherein said low-power prompt-
ing signal broadcast directing module configured to direct the
wearable computing device to broadcast one or more low-
power prompting signals that are designed to, when one or
more functional devices detect the one or more low-power
prompting signals, prompt the one or more functional devices
to generate one or more responsive signals to acknowledge
detection by the one or more functional devices of the one or
more low-power prompting signals comprises:

a low-power prompting signal broadcast directing module
configured to direct the wearable computing device to
broadcast the one or more low-power prompting signals
through a directional antenna.

6. The system of claim 3, wherein said low-power prompt-
ing signal broadcast directing module configured to direct the
wearable computing device to broadcast one or more low-
power prompting signals that are designed to, when one or
more functional devices detect the one or more low-power
prompting signals, prompt the one or more functional devices
to generate one or more responsive signals to acknowledge
detection by the one or more functional devices of the one or
more low-power prompting signals comprises:

a low-power prompting signal broadcast directing module
configured to direct the wearable computing device to
broadcast the one or more low-power prompting signals
through an antenna using different levels of transmit
power, where the one or more low-power prompting
signals are transmitted at each level of transmit power
for predefined increment or increments of time.
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7. The system of claim 6, wherein said low-power prompt-
ing signal broadcast directing module configured to direct the
wearable computing device to broadcast the one or more
low-power prompting signals through an antenna using dif-
ferent levels of transmit power, where the one or more low-
power prompting signals are transmitted at each level of
transmit power for predefined increment or increments of
time comprises:

a low-power prompting signal broadcast directing module
configured to direct the wearable computing device to
broadcast the one or more low-power prompting signals
using a first level of transmit power and directing the
wearable computing device to broadcast the one or more
low-power prompting signals using a second level of
transmit power, the first level of transmit power being
different from the second level of transmit power.

8. The system of claim 7, wherein said low-power prompt-
ing signal broadcast directing module configured to direct the
wearable computing device to broadcast the one or more
low-power prompting signals using a first level of transmit
power and directing the wearable computing device to broad-
cast the one or more low-power prompting signals using a
second level of transmit power, the first level of transmit
power being different from the second level of transmit power
comprises:

a low-power prompting signal broadcast directing module
configured to direct the wearable computing device to
pause broadcasting of the one or more low-power
prompting signals after broadcasting the one or more
low-power prompting signals using the first level of
transmit power and before broadcasting the one or more
low-power prompting signals using the second level of
transmit power in order to monitor for the one or more
responsive signals that acknowledge detection by the
one or more functional devices of the one or more low-
power prompting signals that was transmitting using the
first level of transmit power.

9. The system of claim 7, wherein said low-power prompt-
ing signal broadcast directing module configured to direct the
wearable computing device to broadcast the one or more
low-power prompting signals using a first level of transmit
power and directing the wearable computing device to broad-
cast the one or more low-power prompting signals using a
second level of transmit power, the first level of transmit
power being different from the second level of transmit power
comprises:

a low-power prompting signal broadcast directing module
configured to direct the wearable computing device to
broadcast the one or more low-power prompting signals
using a third level of transmit power, the third level of
transmit power being different from the first level of
transmit power or the second level of transmit power.

10. The system of claim 3, wherein said low-power
prompting signal broadcast directing module configured to
direct the wearable computing device to broadcast one or
more low-power prompting signals that are designed to, when
one or more functional devices detect the one or more low-
power prompting signals, prompt the one or more functional
devices to generate one or more responsive signals to
acknowledge detection by the one or more functional devices
of the one or more low-power prompting signals comprises:

a low-power prompting signal broadcast directing module
configured to direct the wearable computing device to
broadcast the one or more low-power prompting signals
having one or more frequencies from a frequency band
between 57 GHz and 64 GHz.
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11. The system of claim 2, wherein said functional device
presence sensing module configured to sense presence of a
plurality of functional devices within the communication
range of the wearable computing device based, at least in part,
on plurality of signals transmitted by the plurality of func-
tional devices and received by the wearable computing device
comprises:

a power optimal functional device ascertaining module
configured to ascertain, based on the plurality of signals,
which one or more of the plurality of functional devices
requires least amount of transmit power to communicate
with by the wearable computing device amongst the
plurality of functional devices.

12. The system of claim 11, wherein said power optimal
functional device ascertaining module configured to ascer-
tain, based on the plurality of signals, which one or more of
the plurality of functional devices requires least amount of
transmit power to communicate with by the wearable com-
puting device amongst the plurality of functional devices
comprises:

a signal strength ascertaining module configured to ascer-

tain signal strengths of the plurality of signals.

13. The system of claim 2, wherein said functional device
presence sensing module configured to sense presence of a
plurality of functional devices within the communication
range of the wearable computing device based, at least in part,
on plurality of signals transmitted by the plurality of func-
tional devices and received by the wearable computing device
comprises:

a functional device relative location ascertaining module
configured to ascertain locations of the plurality of func-
tional devices relative to location of the wearable com-
puting device based, at least in part, on the plurality of
signals transmitted by the plurality of functional
devices.

14. The system of claim 13, wherein said functional device
relative location ascertaining module configured to ascertain
locations of the plurality of functional devices relative to
location of the wearable computing device based, at least in
part, on the plurality of signals transmitted by the plurality of
functional devices comprises:

a functional device relative location ascertaining module
configured to ascertain directions of the plurality of
functional devices relative to the location of the wear-
able computing device based, at least in part, on the
plurality of signals transmitted by the plurality of func-
tional devices.

15. The system of claim 14, wherein said functional device
relative location ascertaining module configured to ascertain
directions of the plurality of functional devices relative to the
location of the wearable computing device based, at least in
part, on the plurality of signals transmitted by the plurality of
functional device comprises:

a directional antenna control module configured to control

a directional antenna of the wearable computing device
in order to determine the directions of the plurality of
functional devices relative to the location of the wear-
able computing device based on the plurality of signals
transmitted by the plurality of functional devices and
detected through the directional antenna.

16. The system of claim 1, wherein said functional device
presence sensing module configured to sense presence of a
plurality of functional devices within communication range
of'a wearable computing device, the communication range of
the wearable computing device being a spatial volume that
includes the wearable computing device and being externally
defined by an enveloping boundary, where low-power signals
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transmitted by the wearable computing device being discern-
ible over background noise within the enveloping boundary
and not discernible over background noise outside the envel-
oping boundary comprises:

a low-power query signal transmit directing module con-
figured to direct the wearable computing device to trans-
mit one or more low-power query signals to obtain from
one or more functional devices that detects the one or
more low-power query signals one or more confirma-
tions via one or more confirmation signals that indicate
that the one or more functional devices provide one or
more specific functionalities if the one or more func-
tional devices does indeed provide the one or more spe-
cific functionalities; and

a confirmation signal monitor directing module configured
to direct the wearable computing device to monitor for
the one or more confirmation signals.

17. The system of claim 16, wherein said low-power query
signal transmit directing module configured to direct the
wearable computing device to transmit one or more low-
power query signals to obtain from one or more functional
devices that detects the one or more low-power query signals
one or more confirmations via one or more confirmation
signals that indicate that the one or more functional devices
provide one or more specific functionalities if the one or more
functional devices does indeed provide the one or more spe-
cific functionalities comprises:

a low-power query signal transmit directing module con-
figured to direct the wearable computing device to trans-
mit one or more low-power query signals to obtain, from
one or more functional devices that detects the one or
more low-power query signals, one or more confirma-
tions via one or more confirmation signals that indicate
that the one or more functional devices provide one or
more communication links to beyond the communica-
tion range of the wearable computing device if the one or
more functional devices does indeed provide the one or
more communication links.

18. The system of claim 17, wherein said low-power query
signal transmit directing module configured to direct the
wearable computing device to transmit one or more low-
power query signals to obtain, from one or more functional
devices that detects the one or more low-power query signals,
one or more confirmations via one or more confirmation
signals that indicate that the one or more functional devices
provide one or more communication links to beyond the
communication range of the wearable computing device if the
one or more functional devices does indeed provide the one or
more communication links comprises:

a low-power query signal transmit directing module con-
figured to direct the wearable computing device to trans-
mit one or more low-power query signals to obtain, from
the one or more functional devices that detect the one or
more low-power query signals, one or more confirma-
tions via one or more confirmation signals that indicate
the data transfer rate of the one or more communication
links provided by the one or more functional devices.

19. The system of claim 16, wherein said low-power query
signal transmit directing module configured to direct the
wearable computing device to transmit one or more low-
power query signals to obtain from one or more functional
devices that detects the one or more low-power query signals
one or more confirmations via one or more confirmation
signals that indicate that the one or more functional devices
provide one or more specific functionalities if the one or more
functional devices does indeed provide the one or more spe-
cific functionalities comprises:
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a low-power query signal transmit directing module con-
figured to direct the wearable computing device to trans-
mit one or more low-power query signals to obtain, from
one or more functional devices that detect the one or
more low-power query signals, one or more confirma-
tions via one or more confirmation signals that indicate
that the one or more functional devices provide one or
more sensor functionalities if the one or more functional
devices does indeed provide the one or more sensor
functionalities.

20. The system of claim 16, wherein said low-power query
signal transmit directing module configured to direct the
wearable computing device to transmit one or more low-
power query signals to obtain from one or more functional
devices that detects the one or more low-power query signals
one or more confirmations via one or more confirmation
signals that indicate that the one or more functional devices
provide one or more specific functionalities if the one or more
functional devices does indeed provide the one or more spe-
cific functionalities comprises:

a low-power query signal transmit directing module con-
figured to direct the wearable computing device to trans-
mit the one or more low-power query signals to obtain,
from the one or more functional devices that detect the
one or more low-power query signals, one or more con-
firmations via the one or more confirmation signals that
indicate when can the one or more functional devices
provide the one or more specific functionalities to the
wearable computing device.

21. The system of claim 16, wherein said low-power query
signal transmit directing module configured to direct the
wearable computing device to transmit one or more low-
power query signals to obtain from one or more functional
devices that detects the one or more low-power query signals
one or more confirmations via one or more confirmation
signals that indicate that the one or more functional devices
provide one or more specific functionalities if the one or more
functional devices does indeed provide the one or more spe-
cific functionalities comprises:

a low-power query signal transmit directing module con-
figured to direct the wearable computing device to trans-
mit the one or more low-power query signals to obtain,
from the one or more functional devices that detect the
one or more low-power query signals, one or more con-
firmations via the one or more confirmation signals that
indicate that the one or more functional devices has
access to one or more applications that supports one or
more applications included with the wearable comput-
ing device.

22. The system of claim 1, wherein said functional device
choosing module configured to choose, from the plurality of
functional devices that were sensed to be within the commu-
nication range of the wearable computing device, one or more
functional devices for providing to the wearable computing
device one or more functionalities comprises:

a functional device choosing module including a least com-
munication power requirement determining module
configured to choose, from the plurality of functional
devices, one or more functional devices that were deter-
mined by the least communication power requirement
determining module to require least amount of transmit
power to communicate with by the wearable computing
device amongst the plurality of functional devices.

23. The system of claim 1, wherein said functional device
choosing module configured to choose, from the plurality of
functional devices that were sensed to be within the commu-
nication range of the wearable computing device, one or more
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functional devices for providing to the wearable computing
device one or more functionalities comprises:

a functional device choosing module including an earliest
functionality access determining module configured to
choose, from the plurality of functional devices, one or
more functional devices that were determined by the
earliest functionality access determining module to pro-
vide earliest access to the one or more functionalities
amongst the plurality of functional devices.

24. The system of claim 1, wherein said functional device
choosing module configured to choose, from the plurality of
functional devices that were sensed to be within the commu-
nication range of the wearable computing device, one or more
functional devices for providing to the wearable computing
device one or more functionalities comprises:

a functional device choosing module including a relative
device location determining module configured to
choose, from the plurality of functional devices, the one
or more functional devices based, at least in part, on
determination by the relative device location determin-
ing module of the one or more relative locations of the
one or more functional devices relative to the location of
the wearable computing device.

25. The system of claim 1, wherein said functional device
choosing module configured to choose, from the plurality of
functional devices that were sensed to be within the commu-
nication range of the wearable computing device, one or more
functional devices for providing to the wearable computing
device one or more functionalities comprises:

a functional device choosing module including a highest
data transfer rate determining module configured to
choose, from the plurality of functional devices, one or
more functional devices that were determined by the
highest data transfer rate determining module to provide
highest data transfer rate or rates to the wearable com-
puting device amongst the plurality of functional
devices.

26. The system of claim 1, wherein said functional device
choosing module configured to choose, from the plurality of
functional devices that were sensed to be within the commu-
nication range of the wearable computing device, one or more
functional devices for providing to the wearable computing
device one or more functionalities comprises:

a functional device choosing module including an applica-
tion access determining module configured to choose,
from the plurality of functional devices, one or more
functional devices that were determined by the applica-
tion access determining module to have at least access to
one or more applications that supports one or more
applications included with the wearable computing
device.

27. The system of claim 1, wherein said functional device
choosing module configured to choose, from the plurality of
functional devices that were sensed to be within the commu-
nication range of the wearable computing device, one or more
functional devices for providing to the wearable computing
device one or more functionalities comprises:

a sensor data based functional device choosing module
configured to choose, from the plurality of functional
devices, one or more functional devices based, at least in
part, on sensor data provided by the one or more func-
tional devices.

28. The system of claim 27, wherein said sensor data based
functional device choosing module configured to choose,
from the plurality of functional devices, one or more func-
tional devices based, at least in part, on sensor data provided
by the one or more functional devices comprises:
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a sensor data based functional device choosing module
configured to choose, from the plurality of functional
devices, the one or more functional devices based, at
least in part, on sensor data provided by the one or more
functional devices that was determined to include image
data of at least a portion of a user’s body.

29. The system of claim 28, wherein said sensor data based
functional device choosing module configured to choose,
from the plurality of functional devices, the one or more
functional devices based, at least in part, on sensor data pro-
vided by the one or more functional devices that was deter-
mined to include image data of at least a portion of a user’s
body comprises:

a sensor data based functional device choosing module
configured to choose, from the plurality of functional
devices, the one or more functional devices based, at
least in part, on sensor data provided by the one or more
functional devices that was determined to include image
data of at least one or more portions of one or more limbs
of the user.

30. The system of claim 29 wherein said sensor data based
functional device choosing module configured to choose,
from the plurality of functional devices, the one or more
functional devices based, at least in part, on sensor data pro-
vided by the one or more functional devices that was deter-
mined to include image data of at least one or more portions
of one or more limbs of the user comprises:

a sensor data based functional device choosing module
configured to choose, from the plurality of functional
devices, the one or more functional devices based, at
least in part, on sensor data provided by the one or more
functional devices that was determined to include image
data of one or more movements of the at least one or
more portions of the one or more limbs of the user.

31. The system of claim 1, wherein said functional device
choosing module configured to choose, from the plurality of
functional devices that were sensed to be within the commu-
nication range of the wearable computing device, one or more
functional devices for providing to the wearable computing
device one or more functionalities comprises:

a sensor functionality providing device choosing module
configured to choose, from the plurality of functional
devices, one or more functional devices for providing to
the wearable computing device one or more sensor func-
tionalities.

32. The system of claim 31, wherein said sensor function-
ality providing device choosing module configured to choose,
from the plurality of functional devices, one or more func-
tional devices for providing to the wearable computing device
one or more sensor functionalities comprises:

a sensor functionality providing device choosing module
configured to choose, from the plurality of functional
devices, one or more functional devices for providing to
the wearable computing device sensor data collected by
one or more sensors.

33. The system of claim 32, wherein said sensor function-
ality providing device choosing module configured to choose,
from the plurality of functional devices, one or more func-
tional devices for providing to the wearable computing device
sensor data collected by one or more sensors comprises:

a sensor functionality providing device choosing module
configured to choose, from the plurality of functional
devices, one or more functional devices for providing to
the wearable computing device electrical activity data
associated with one or more muscles of a user collected
by one or more sensors.
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34. The system of claim 1, wherein said functionality use
facilitating module configured to facilitate the wearable com-
puting device to use the one or more functionalities provided
by the one or more chosen functional devices comprises:

a functionality use facilitating module configured to direct
the wearable computing device to use an antenna to
communicate with the one or more functional devices.

35. The system of claim 1, wherein said functionality use
facilitating module configured to facilitate the wearable com-
puting device to use the one or more functionalities provided
by the one or more chosen functional devices comprises:

an outbound data transmit facilitating module configured
to facilitate the wearable computing device to transmit
outbound data, via one or more low-power outbound
data signals, to the one or more selected functional
devices.

36. The system of claim 35, wherein said outbound data
transmit facilitating module configured to facilitate the wear-
able computing device to transmit outbound data, via one or
more low-power outbound data signals, to the one or more
selected functional devices comprises:

an outbound data transmit facilitating module configured
to facilitate the wearable computing device to transmit
the outbound data, via one or more low-power outbound
data signals that are transmitted using less than 0.8 mil-
liwatt of transmit power, to the one or selected functional
devices.

37. The system of claim 1, wherein said functionality use
facilitating module configured to facilitate the wearable com-
puting device to use the one or more functionalities provided
by the one or more chosen functional devices comprises:

an inbound data receive facilitating module configured to
facilitate the wearable computing device to receive
inbound data, via one or more inbound data signals,
from the one or more selected functional devices.

38. The system of claim 37, wherein said inbound data
receive facilitating module configured to facilitate the wear-
able computing device to receive inbound data, via one or
more inbound data signals, from the one or more selected
functional devices comprises:

an inbound data receive facilitating module configured to
facilitate the wearable computing device to receive one
ormore inbound data signals embodying data associated
with one or more messages that originated from beyond
the communication range of the wearable computing
device from the one or more selected functional devices.

39. The system of claim 37, wherein said inbound data
receive facilitating module configured to facilitate the wear-
able computing device to receive inbound data, via one or
more inbound data signals, from the one or more selected
functional devices comprises:
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an inbound data receive facilitating module configured to
facilitate the wearable computing device to receive one
or more inbound data signals embodying one or more
sensor acquired data from the one or more selected func-
tional devices.

40. An article of manufacture, comprising:

a non-transitory storage medium bearing:

one or more instructions for sensing presence of a plurality
of functional devices within communication range of a
wearable computing device, the communication range
ofthe wearable computing device being a spatial volume
that includes the wearable computing device and being
externally defined by an enveloping boundary, where
low-power signals transmitted by the wearable comput-
ing device being discernible over background noise
within the enveloping boundary and not discernible over
background noise outside the enveloping boundary;

one or more instructions for choosing, from the plurality of
functional devices that were sensed to be within the
communication range of the wearable computing
device, one or more functional devices for providing to
the wearable computing device one or more functional-
ities; and

one or more instructions for facilitating the wearable com-
puting device to use the one or more functionalities
provided by the one or more chosen functional devices.

41. A wearable computing device designed to be worn by a

person, comprising:

a functional device presence sensing module configured to
sense presence of a plurality of functional devices within
communication range of a wearable computing device,
the communication range of the wearable computing
device being a spatial volume that includes the wearable
computing device and being externally defined by an
enveloping boundary, where low-power signals trans-
mitted by the wearable computing device being discern-
ible over background noise within the enveloping
boundary and not discernible over background noise
outside the enveloping boundary;

a functional device choosing module configured to choose,
from the plurality of functional devices that were sensed
to be within the communication range of the wearable
computing device, one or more functional devices for
providing to the wearable computing device one or more
functionalities;

a functionality use facilitating module configured to facili-
tate the wearable computing device to use the one or
more functionalities provided by the one or more chosen
functional devices; and

one or more components to facilitate coupling the wearable
computing device to a portion of the person’s body.

#* #* #* #* #*



